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Abstract 
This thesis is concerned with managing and implementing an upgrade of the Murdoch University 
Pilot Plant and was a strictly defined project. It had specific outcome requirements and the 
choice of major components was selected prior to starting the project. All major components for 
the project were previously purchased by Murdoch University School of Engineering and Energy. 
The project covered integration, configuration, design, development, and installation of 
components as well as the development of documentation to support the final implementation 
of the system in the pilot plant.  
This project is comprised of three aspects that together facilitate the upgrade of the pilot plant. 
These aspects involve different technical, and management challenges as well as different 
deliverable requirements. The first aspect consists of replacing the existing variable speed drives 
with units that support more advanced features, configuring the drive and developing 
documentation to support their ongoing maintenance including the development of schematic 
drawings. As part of the installation of the drives, they also had to be commissioned to achieve 
the desired operation. 
The second aspect involves developing a ModBus communications network for use in the 
teaching laboratories and to prepare a similar network for use in the pilot plant. This aspect 
requires the development of several ModBus programs for the Industrial Computer Systems 
facility and also includes the configuration of the slave devices for the Pilot Plant. As part of this 
aspect, an interface module that will be used in the final implemented design of the pilot plant 
required configuration and testing.  
The third aspect covers the primary scope for the upgrade of the plant which is to facilitate the 
replacement of the existing control system. This aspect is significantly broader in scope than the 
previous two aspects with a significant increase in the level of complexity. This aspect involved 
the development of new user interface screens, development of IO lists, management of the 
development of the new control algorithms involving liaison with Honeywell India and the 
configuration of the Experion server. 
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Considering the segmented nature of the overall project, and the different challenges imposed, 
separate literature reviews will be discussed for each aspect of the project with a specific focus 
on using the literature to develop a solution. The control system aspect of the project is 
comprised of small components relating to specific aspects of the Experion system, to better 
relate the theoretical information to the technical implementation. Short literature reviews will 
be included in each section. Potential solutions were investigated and analysed with respect to 
the required deliverables on the project and the final implemented solution discussed. 
Considering the highly technical nature of the problem, the theoretical solutions did not always 
completely solve the problem and the discussion also investigates the process of fault finding 
and rectification. 
With time constraints and much of the works being required to be undertaken by third party 
contractors, the actual implementation of the upgrade was not complete before the completion 
of this thesis project. The installation of the C300 hardware could not be undertaken during the 
teaching semester as the plant was operational and the planned late arrival of the control 
program from India meant the system could not be commissioned in the time frame available. 
The control system upgrade of the project focused primarily on the preparation of the system 
for implementation. This included the development of extensive documentation including 
technical drawings on the final design and work scopes as deliverables for this aspect of the 
project. 
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Introduction 
The Murdoch University Pilot Plant was constructed to facilitate the teaching of process control 
strategies to engineering students and to be able to demonstrate an operational industrial 
processing plant. The design of the plant was based loosely on the Bayer process used for the 
production of alumina from bauxite ore. It uses instrumentation, motors, variable speed drives 
and control systems that were of an industrial standard and commonly used in industrial 
applications. The plant was unveiled in 1998 and represented the degree of sophistication in 
industrial plants and systems at that time (Control and Thermal Engineering, 1999). In the 11 
years since the plant started operation, there have been significant advances in technology and 
capability of control systems as well as a shift in focus to emphasis plant knowledge and 
promote proactive control. In lieu of this, it has become apparent that the plant is required to 
undergo an upgrade to stay abreast of the latest developments in technology, and be aligned 
with current best practices for process control as used elsewhere in industry. 
The plant is fitted with variable speed drives to vary the speed of the plants electric motors used 
for the ball mill and pumping in response to signals from the plant control system. The existing 
drives have limited functionality and do not take advantage of networked bus communications 
nor do they provide the ability for direct communications with a computer which greatly aids 
programming, commissioning and faultfinding. The scope for this segment of the upgrade of the 
project called for the replacement of these drives, commissioning and updating all the relevant 
documentation whilst maintaining operational availability of the plant to present users. 
Fieldbus communications have experienced a significant uptake by industry promising lower 
installation and maintenance costs, and greater degree of information transfer. This technology 
has existed for many years but with limited uptake due to concerns about reliability and 
necessity. Better technology has improved the reliability of fieldbus systems and the capability 
has increased to an extent that fieldbus communications can be used for plant safety systems. 
By implementing this technology within the pilot plant, fieldbus systems can be demonstrated in 
an industrial setting without placing students in any undue risk that would be present on a full 
scale processing site.  
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This aspect of the upgrade had two components. It required the development of a ModBus 
network for use in the pilot plant with the new variable speed drives and the creation of an 
additional working ModBus network for use in a laboratory environment. This secondary 
network would be used to confirm the appropriate parameters to read and write for each drive 
order to ensure correct operation, and to provide components to allow the demonstration of 
ModBus to student in a teaching environment. The scope of this phase of the project called for 
two separate networks, one embedded within the pilot plant to communicate the speed 
reference to the variable speed drives and the second located within the Industrial Computer 
Systems teaching facility. As part of the project, a working program to facilitate ModBus 
communications within the teaching facility is required with a description of operation and 
construction of the program. 
The most important aspect of the pilot plant upgrade is the replacement of the existing control 
system and the implementation of new operator workstations to keep in line with current 
industry standards and world’s best practice. Traditional computer based control systems are 
based on one of two distinct topologies, Distributed Control Systems (DCS) and SCADA systems. 
The differences between these two methodologies have been fully discussed later under the 
theory of computer based control systems. Modern control systems have seen a merging of the 
two topologies and have also undergone considerable development in terms of capability and 
reliability as well as human factor research with regard to how an operator will use the system 
and respond to changes. The new control system will demonstrate the implementation both of 
DCS and SCADA systems in an operating plant. 
Honeywell Experion and Honeywell C300 control hardware was purchased as the replacement 
control system for the pilot plant. As part of the purchase arrangement, Honeywell agreed to 
undertake the migration of the existing PLC-5 control program into the C300 controllers. The 
migration of the control algorithms from the PLC5 programmable logic controllers to the 
Honeywell C300 controllers was tasked to be undertaken in India and required management of 
the development in relation to the required system. The objectives for this aspect of the project 
involved creating a design ready for implementation, developing user interface graphics, and 
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configuration of the system. The configuration included the C300 hardware, additional 
peripheral devices, and the Experion system. 
 
Implementation of Advanced Technologies in the 
Murdoch University Pilot Plant 
2009 
 
13  
 
1.0 Variable Speed Drives 
Variable Speed drives are a means to vary the speed of three phase alternating current electric 
motors.  The pilot plant was first constructed using 10 Danfoss VLT5000 drives to control the 
motors in the plant. These drives have limited capability by current standards and do not 
support advanced features such as networking capability or direct connection with a computer, 
both of which are features of modern drives. To keep abreast with the latest movements in 
technology, Danfoss FC102 drives which support ModBus communications were purchased to 
replace the existing units. The scope of this phase of the project involved installing the drives in 
the pilot plant without disrupting the existing users of the plant. The installation required 
modification of the existing installation, updating of all drawings, configuration of the drives, 
and commissioning of the drives. 
 
1.1 Theoretical Understanding and Research 
The synchronous speed of a three phase AC electric motor is defined by the formula as shown in 
Equation 1 where ‘Ns’ is the synchronous speed of the motor, ‘f’ is the frequency of the AC 
electrical supply and ‘P’ is the number of magnetic poles within the motor.  
Equation 1 
P
f
ns
120
=
 
(Barnes, 2003) 
It is possible to vary the speed of the motor by changing the number of poles within the motor 
through the switching of electric circuits, however the resultant motor is costly and impractical, 
and the range of adjustment is limited to the number of complete sets of windings that can be 
installed into the motor and the resultant speed selections are quite distinct and do not provide 
for a smooth changeover. The most cost effective method to adjust the speed of a three phase 
motor is to vary the input frequency of the electrical supply. Variable Speed Drives, otherwise 
known as Variable Voltage Variable Frequency Drives, provide the capability to adjust the 
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frequency of a motor’s AC electrical supply via the use of rectification and high speed switching. 
(Barnes, 2003, Hambley, 2008)  
The first variable speed drives had limited capability offering little more than the ability to 
control the speed of an electric motor in response to signals provided from the overall plant 
control system.  Advances in technology have caused significant improvements in the capability 
of variable speed drives such as a reduction in physical and improved reliability in addition to 
the increased features and improved internal control schemes. The integration of technology 
within the drives has improved the capability to a point where the drives themselves can 
operate as a stand alone control system providing signals to a supervisory computer and thus 
acting as a remote terminal unit for a SCADA system. Modern drives often provide for direct 
connection with a computer to aid in configuration and faultfinding, have networking capacity, 
and internal control algorithms. (Barnes, 2003)  
The Danfoss FC102 variable speed drives purchased for use in the pilot plant have a large degree 
of functionality and offer a significant improvement over the original Danfoss VLT5000 drives.  
The features of the FC102 drives include;  
1. USB port for direct connection with a computer 
2. RS485 port that facilitates several communications methods including ModBus 
and the Danfoss proprietary FC protocol. 
3. Inbuilt PID control. 
4. Advanced motor control options. 
5. Profibus, Fieldbus, ModBus TCP options. 
(Danfoss, 2009b) 
Variable speed drives are manufactured by multiple independent companies and while they do 
conform to generic standards with regards to power output quality, they do not follow a 
predefined standard in terms of connections, configuration, characteristics and features 
(Barnes, 2003). Successful installation of the variable speed drives required careful consultation 
of the relevant supporting documentation. The Danfoss drives are supplied with both operating 
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instructions and a design guide that provided all necessary information to install the drives in 
the Murdoch University Pilot Plant. The design guide provided a more detailed version on 
installation and commissioning than the operating instructions and gave specific requirements 
on the conditions for installation. The drives required a three phase supply of between 380 and 
440VAC, a frequency of supply between 50 and 60Hz and had a maximum kilowatt rating of 
5.5kW, the pilot plant installation falls within these categories with a supply voltage of 415VAC 
at 50Hz and a maximum motor rating of 0.75Kw therefore the FC102 drives are appropriate for 
the installation.  
Successful installation of the drives in the plant required extensive consultation with the Danfoss 
operating instructions and design guide and took account existing plant design and future plant 
planning. The operating instructions and the design guide provided information on the correct 
installation and operation of the drive. The pre-existing configuration of the plant had the 
variable speed drives configured for auto start once power was applied to the drive and the 
start signal provided from the PLC switched an interposing relay switching the 415V supply to 
the drives via the use of a contactor. The intent to use ModBus in the plant required that these 
drives were permanently energised and thus an alternative method to start the drive output 
was required. ENG454 students in semester 1, 2009, modified the design of the installation to 
allow the VLT5000 drives to remain energised and the drives were started by switching the 
enable line on the drive which could prove to be a viable option. Evaluating the supporting 
documentation for the Danfoss FC102 drives proved that this modification was deemed 
acceptable for use with the new drives with a slight alteration to the design in terms of terminal 
numbering (Danfoss, 2009c).     
Danfoss drives can be specified with an option to have a safe-stop functionality when the drives 
are ordered. This functionality provides an interlock which removes all driven torque from the 
motor when engaged (Danfoss, 2009c). The safe stop option acts as an interlock and requires a 
link between terminals 12 and 37 for the drive to operate. The drives purchased for installation 
in the Murdoch University Pilot Plant were not specified to have this functionality, however an 
additional interlock is present which prevents the operation of the drive and is overcome by 
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applying a 24 volt signal to terminal 27. This terminal is by default configured to have ‘an 
inverse’ stop functionality, when power is removed from this terminal the drive will stop 
(Danfoss, 2009b). 
The pre-existing installation provided running and fault indication to the PLC by switching 
hardwired 110VAC secondary contacts on the contactor or the circuit breaker respectively.  The 
digital inputs on the Allen Bradley PLC5 are rated for 24VDC and interposing relays located 
inside the PLC cabinet were used in the original design to allow the 110VAC signal provided from 
the auxiliary contacts on the contactor to interface with the PLC. The design modification for 
starting the drives completed by ENG454 students in 2009 also encompassed a modification to 
the run signal for the PLC to be provided from the variable speed drives and not the contactor as 
in the original design. This was due to the electrical design modification causing the contactor to 
be permanently energised. The run signal was provided by internal relay contacts within the 
variable speed drives. To ensure design continuity and take greater advantage of the protection 
capabilities offered by the drive, the fault signal was also redesigned to utilise internal relay 
contacts within the drive.  These signals could be run using a 24VDC signal allowing the removal 
of the interposing relays and reducing the space requirement within the PLC cabinet.  
The Danfoss FC102 drives are capable of communicating over a ModBus signal which was one of 
the principal reasons for their selection as the replacement unit for the existing VLT5000 drives. 
The original design provided for 1 analogue input to each drive and 2 analogue outputs.  The 
analogue signals used 4-20mA current loops with the input signal providing the speed reference, 
and the 2 analogue output signals were installed, but never configured providing for potential 
future modifications. Utilising the ability of the FC102 drives to communicate over a ModBus 
network would provide the ability to communicate the reference signal to the drive and provide 
a large number of feedback signals back to the control system in addition to allowing the 
removal of the analogue signal cables saving space (Danfoss, 2009c).   
The ModBus network is not being implemented to control the drives until the Honeywell system 
is installed in the plant, but prepared for the eventual installation. In order to cater for the 
period between drive installation and C300 installation, the existing 4-20mA signals are required 
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to remain during the initial stages of the plant upgrade to maintain plant availability. The 
supporting Danfoss documentation provided the configuration information to support this initial 
implementation. The Danfoss FC102 drive supports two hardwired analogue input signals which 
can be either 4-20mA signals or 0-10V signals. The selection of the type of signal is dependant 
on the setting of two dip switches located behind the drives keypad. Switch S201 sets the input 
signal type for terminal 53 while switch S202 sets the signal type for terminal 54. (Danfoss, 
2009c)  
 
1.2 Technical Implementation 
Danfoss FC102 variable speed drives installed in Australia operate with a three phase supply 
voltage of 415 volts (Danfoss, 2009a) and state regulations require that anyone terminating 
conductors operating at this voltage require a current A grade electrical license (Energy Safety, 
2007). In view of this requirement, the replacement of the existing Danfoss VLT5000 drives with 
Danfoss FC102 units would require a licensed electrician. The initial planning stages called for all 
drives to be replaced by the 1
st
 of September but due to delays and setbacks caused by the 
negotiation of an agreement with the University on the manner of drive installation with regards 
to the requirement for an electrical license for installation, the schedule was revised to have all 
drives installed by 9th October 2009. A longer period of downtime due to alternate 
commitments for the plant operators provided an opportunity to allow the final drives to be 
installed 2 weeks ahead of the revised schedule with the final drive being installed by 1
st
 
October 2009. 
The Danfoss FC102 drives were purchased due to low cost, physically fit within the dimensions 
of the existing drives, and they supported ModBus communications. The new drives are 
physically smaller when compared to the existing units however Danfoss provided an adaptor 
plate that allowed the FC102 drives to bolt to the existing mountings for the VLT5000 variable 
speed drives simplifying installation. In order to reduce downtime of the plant, the drives could 
be assembled prior to installation. This pre-assembly involved mounting the drive to the adaptor 
bracket, installing the terminal strips and electrical connectors, and mounting the cable clamp 
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bracket. The resultant complete unit was able to fit directly onto the exiting mounts once the 
old drive was removed.  
To limit the downtime of the plant caused by extended configuration and commissioning time, 
the design was bench tested to confirm the operation.  The drives 24 volt supply and bridging 
links were used to switch the digital inputs, a current source was used to supply the reference 
signal and an ohmmeter used to confirm the operation of the relays. A bench testing 
arrangement was developed to confirm the operation of the design shown in Figure 1. The 
results of the bench test confirmed the design was suitable for implementation in the pilot 
plant. 
 
Figure 1 Bench Testing the FC102 Drives 
Danfoss FC102 drives have two configurable relay outputs that can operate depending on the 
values loaded into parameters 5-40 and 5-41 (Danfoss, 2009b). By default, relay 1 is configured 
to operate on a drive alarm signal while relay 2 is configured by default to switch during drive 
operation. The relays can also be switched on command via ModBus. Initial implementation of 
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the new drives required the implementation of hardwired running and fault signals to the PLC as 
per the modified design, however later modifications within the plant could involve removing 
the hardwired connections and using ModBus to convey this information. To provide a fault 
feedback signal to the control system, relay 1 was reconfigured to switch on a drive ready signal 
and the use of normally closed contacts provided an input to the PLC on all conditions when the 
drive was unable to start. This modification offered an improvement over the original design 
allowing a fault indication to be sent to the control system in the event the variable speed drive 
or the motor suffers a fault not sufficient enough to trip the drive circuit breaker (Danfoss, 
2009b). The wiring modifications for the fault feedback signals were not planned to be carried 
out during the initial installation of the new drives in order to reduce installation time and thus 
maximise plant availability and were not necessary for correct operation of the plant. To assist 
in later implementation of the feedback signals, full design works and a detailed work 
instruction were developed to allow for a successful final installation including configuration of 
Relay 1 within the VSD.   
Chapter 1.1, which covered the theoretical understanding of the Danfoss FC102 drives, provided 
information on the design and configuration that would be required for each drive to achieve 
the desired objective. In keeping with the objective to install the new drives into the pilot plant 
without disruption to plant operations and to ensure identical operation from an operator’s 
perspective as the pre-existing installation, the configuration and design was based on the pre-
existing installation. The original drives were interrogated manually via the drive keypad whilst 
online to determine the existing parameters including maximum and minimum speed settings. 
The dip switch settings located behind the front panel were set to suit current based analogue 
signals to suit the plants precedent use of 4-20mA. The hard wired inverse-stop interlock on 
terminal 27 was supplied with a constant +24 volts from terminal 13.  Relay 2 had a default 
configuration to switch when the drive is running and the use of the normally open contacts 
would provide the drive running indication back to the PLC by switching a +24V input.  Relay 1 
was re-configured to operate on a drive ready signal. In normal condition the relay will be 
energised and on power loss or a drive fault the relay will de-energise. The normally closed 
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contacts will be used for the final installation to provide for the required fault signal, under 
normal conditions the contacts will be open indicating a healthy state.  
 
Figure 2 Completed Installation of Danfoss FC102 Drives with ModBus Link 
1.3 Configuration and Commissioning 
The correct internal software configuration of a variable speed drive is essential to achieve the 
desired operation. The Danfoss FC102 drives can be configured either by manual 
implementation of the parameters via the front panel keypad shown in Figure 3 or through the 
use of a laptop computer loaded with the Danfoss MCT10 software shown in Figure 4 and 
connected to the drives though a USB connection located behind the control terminal panel. The 
MCT10 software is designed specifically to aid in the configuration of Danfoss variable speed 
drives and to allow backups to be made of all the configuration data. The use of a laptop 
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allowed for faster configuration and a much easier means to confirm verification as all the 
parameters were listed in a simple user interface. The laptop provided the opportunity to 
download configuration files for each drive as a backup should a drive fail at a later date and 
thus allowing the commissioned parameters to be downloaded to the relevant drive ensuring 
the same plant design configuration. The prior manual interrogation of the drives provided a 
basis for the development of the configuration program for the FC102 drives. Each drive had a 
minimum speed setting of 10Hz to ensure sufficient cooling airflow over the drive at 0% speed 
and a maximum speed setting of 50Hz. The minimum speed reference also ensured that at 0% 
speed, the pumps provided more than the minimum flow requirement as used as an interlock in 
the control system to prevent dry pump operation.  
 
Figure 3 Danfoss FC102 Keypad and LCD 
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Figure 4 Configuring Danfoss FC102 Drives Using MCT10 Software 
Given that the drives are being installed to facilitate ModBus communications in the Pilot Plant, 
the drives onboard RS485 port required configuration. The RS485 communication protocol 
recommends the installation of 120 ohm termination resistors across the communication 
terminals of the last device in the network chain for networks over short distances, and at both 
the first and last device for networks greater than 50 metres in length. The Danfoss FC102 drives 
have a switchable resistor that can be engaged depending on the position of a dip switch 
located behind the front panel of each drive. The termination resistor for each drive remained 
switched off except for drive FP-141 as this drive is the last device in the RS485 network and is 
the left most drive shown in Figure 2. 
 
1.4 Documentation 
The replacement of the Danfoss VLT5000 drives with the FC102 drives was considered from a 
technical viewpoint, a complex and demanding process.  It involved multiple connections at 
different voltages to specific terminals, and incorrect installation had the potential to cause 
severe permanent damage to the components and possible personnel endangerment. To 
prevent unwanted and possible dangerous operation, and to provide a guide during installation, 
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faultfinding, and future modifications, electrical schematics were developed for each drive. 
Electrical schematic drawings allow a stylised graphical representation of the installation 
(Jenneson, 1997). Control and Thermal Engineering developed basic electrical schematics for the 
original pilot plant installation which were later revised by engineering students completing the 
unit ENG454 in Semester 1, 2009. The revised drawings represented the installation as of 
January 2009 and did not reflect the intended design and therefore could not be used to assist 
in the modification to the existing installation without significant alteration.  
The new design is a significant deviation from the initial design as it includes hardwired 
modifications and the implementations of fieldbus networks. To cater for the extensive 
modification in design, new schematics were developed which accurately represent the final 
intended design to be implemented in the upgrade. The new schematics each focus specifically 
on 1 drive and will facilitate the modification works, and aid in faultfinding. These drawings 
provide detailed information on the configuration of each drive, the connections, and the 
hardware requirements. Sufficient information is contained within the drawing to allow the final 
design to be implemented by a competent, qualified person. The schematic drawings have been 
included in Appendix A. 
The MCT10 software allowed for software documentation of the configuration of each drive. 
Configuration files were developed prior to the installation of the drives into the pilot plant and 
uploaded once the drive was energised. Commissioning and adjustments resulted in slight 
adjustment of the configuration file, and the final commissioned configuration was later 
download to a laptop to provide a backup should the drive fail and the program be 
unrecoverable. Copies of these configuration files have been saved in Timoshenko under the 
Pilot Plant facility folder. The configuration files can be viewed and modified with the Danfoss 
MCT10 software obtained from the documentation CD-ROM that was provided with the drives 
or can be downloaded from the Danfoss website. A description of the capabilities of the 
software has been provided in Appendix B while the configuration files obtained from the 
MCT10 software are contained within Appendix C.  
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2.0 ModBus Communications 
Industrial network bus communications, or more correctly fieldbus communications (Bailey and 
Wright, 2003), have offered great potential since their inception but experienced limited initial 
uptake due to concerns over reliability and redundancy. Improvements in technology have seen 
a significant increase in the reliability of the hardware components, and as such the use of 
fieldbus networks have experienced a dramatic rise in adoption by industry. Fieldbus 
communications offer a significant advantage over individual hardwired signals as greater 
amounts of information can be transferred from point to point and at much less expense than 
through the use of previous hardwired signals. ModBus is one of the most common fieldbus 
topologies used in industry and was released by Modicon in 1979 as a public protocol (Modicon, 
1996). The use of fieldbus networks have simplified installations with greater rates of 
information transfer, a reduction in cabling for a given application, and has allowed multiple 
devices to be interconnected into one fieldbus. Being able to connect multiple devices into a 
single network is one of the principal reasons why fieldbus topologies are significantly more 
advantageous than peer to peer serial networks that were the forerunner for industrial 
communications (Bailey and Wright, 2003). 
 
2.1 Theoretical Understanding of ModBus Communications  
Several communications networks have developed for use in industrial applications such as 
Profibus, Canbus, Foundation Fieldbus, Lonworks (Clarke et al., 2004). Modicon developed the 
ModBus protocol primarily to communicate between Modicon programmable logic controllers 
but made the protocol open to allow other manufactures to take advantage of its simplicity and 
flexibility. ModBus is a master slave protocol designed for implementation on a network with 
multiple slave devices connected (Modicon, 1996). The RS485 standard specified up to 32 
devices on a single RS485 network, however with high impedance drivers or the use of 
automatic repeaters allow this number to be increased substantially (Smith,2008). The use of 
repeaters and high impedance drivers allows a ModBus network using RS485 to fully utilise the 
number of available devices on the network, namely 247 slave devices and 1 master 
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(Modicon,1996). For communications over optic fibre and for ModBus TCP/IP, the number of 
devices is limited by the software and interfacing devices and can also fully utilise the number of 
devices available on the network. Each slave is programmed with a unique network address and 
responds only to ModBus commands encoded with the device’s specific ModBus address.  A 
ModBus message can be constructed in either ASCII or Remote Terminal Unit (RTU) format. The 
ModBus ASCII format is a more readable textbased hexadecimal based form while ModBus RTU 
is based on binary values. The two protocols have other poignant differences that must also be 
considered for successful communications and will be discussed later(Modicon, 1996). ModBus 
ASCII and ModBus RTU format the protocol of each byte in a ModBus message differently. 
ModBus ASCII has 7 data bits per byte whilst ModBus RTU has 8 (Modicon, 1996). The error 
checking field between the two methods is slightly different with ModBus ASCII utilising a 
longitudinal redundancy check wile an RTU message utilises a cyclic redundancy check 
(Modicon, 1996). 
The predominant form of ModBus communication used in industry is ModBus RTU, primarily 
due to its simplicity of implementation and development and the additional data bit within the 
ModBus message (Bailey and Wright, 2003). Each byte in a ModBus RTU message is formatted 
as having a start bit, 8 data bits, a parity bit and a stop bit. The last two bits are dependant on 
settings selected by the user. In a situation where no parity is chosen, two stop bits are used. 
Many ModBus RTU messages are encoded with Hexadecimal values (4 digits) to represent the 
16 bit binary values as a means to allow easier human interpretation of the binary data and to 
simplify message construction. Unlike ModBus ASCII, the hex characters in a ModBus RTU 
message represent binary values and not ASCII values (Modicon, 1996). 
A ModBus message sent from the master is known as a query for either writing data to or 
requesting data from a slave device. The query contains the address of the slave device, the 
action that will be performed, the data field and the error checking field. The data field in a read 
message contains the ModBus register and the total number of registers to read. In a write 
message it contains both the relevant register to write to and the data. In addition, a ModBus 
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master has the capacity to send out broadcast messages to all devices requesting all devices 
perform an identical action such as an emergency shutdown (Mackay et al., 2004).   
The slave devices respond to a ModBus query targeted only to that slave’s ModBus address. In 
the case of broadcast messages the slaves do not respond to the query over the fieldbus 
network but carry out the requested action. The slave response to a ModBus query is 
constructed in a similar manner to the query. In response to a write message the slave device 
will send an acknowledgement to the master indicating the requested action has been 
undertaken and in response to a read message the data field will contain the register address 
and the data value. The first byte of a slave’s response will be identical to the first byte of the 
query followed by the data and error checking fields. Each ModBus message requires a silent 
period on the bus of at least 3.5 character intervals before starting communication (Modicon, 
1996). At a baud rate of 9600 this translates to a minimum silent period of 0.36458 milliseconds, 
before transmission of the actual message can begin. 
The final 2 bytes of a ModBus message, for both ModBus RTU and ModBus ASCII, are used as a 
means of error checking the message. As previously mentioned at the start of the chapter, the 
two methodologies differ in their application of the error check, ModBus ASCII utilises a 
longitudinal redundancy check while ModBus RTU utilises a cyclic redundancy check. On receipt 
of a ModBus message the device will calculate an error check value and compare with the value 
contained within the error check field. When a difference exists, the message is discarded and in 
the case of the error being detected at a slave device, an error message will be transmitted to 
the master instructing it to resend the message (Modicon, 1996). 
Given the simplicity of the ModBus protocol, potential exists during development of the 
network to request a slave device to perform illegal operations. To warn the developer of 
potential conflict, the ModBus protocol incorporates a series of exception codes that allow the 
slave to send a response to the master indicating the form of the illegal operation (Modicon, 
1996). The Exception codes are contained within the function byte and data byte of a ModBus 
message. The exception codes are listed in Table 1 with the corresponding information giving 
the definition for each code.                                                                                                          
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Table 1 ModBus Exception Codes 
Exception Code Illegal Operation Type 
1 Illegal Function – The function code received by the slave is not an 
allowable action such as writing to a device that allows read only values. 
2 Illegal Data Address – The data address received by the slave is not an 
allowable address. The required register does not exist in the slave. 
3 Illegal Data Value – A value contained within the query is not an allowable 
device for the slave. 
4 Slave Device Failure – A non recoverable error occurred within the slave 
whilst attempting to carry out a request in response to a query from the 
master device. 
5 Acknowledge – The slave ahs accepted the request and is processing it 
but will not be able to respond immediately. This response helps to 
prevent a timeout error from the ModBus master 
6 Slave Device Busy – The slave is engaged in a long duration program 
command. The master should retransmit when the slave is free. 
7 Negative Acknowledge – The slave cannot perform the program function 
received in the query. 
8 Memory parity Error – The slave attempted to read extended memory but 
detected a parity error in the memory. The master can retry but the slave 
device may require servicing. 
(Modicon, 1996) 
The ModBus protocol does not contain a provision for a master to identify a slave over the 
network and nor does the protocol provide a standard for what information should be 
contained in a specific register.  This provides a huge scope for developers of ModBus capable 
components and thus the ModBus protocol provides a large degree of flexibility allowing 
devices from multiple manufactures to be interconnected into a single network (Mackay et al., 
2004). The flexibility is one of the key reasons why the protocol has seen such uptake in 
industry, but requires detailed knowledge of the components and in particular the available 
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registers for successful implementation. With the growth in the use and acceptance of ModBus 
communications in industry, the School of Engineering and Energy at Murdoch University chose 
to implement a ModBus network into the pilot plant and to create an additional ModBus 
network for use as a teaching tool within the Industrial Computer Systems facility. The 
construction of the network required a solid understanding of the capabilities of the Danfoss 
FC102 drives and in particular the addresses of the relevant registers to control the drives.  
The Danfoss design guide for the FC102 drives indicates how to configure the drive to allow 
ModBus communications. The drives support only ModBus RTU format and support baud rates 
from 1200 to 38400 with a rate of 9600 set as standard. The design guide also indicates that 
even parity and 1 stop bit are the default and recommended values for operation. According to 
the manual, the register addresses are determined from the system parameters by multiplying 
each relevant parameter by 10 and subtracting 1 (Danfoss, 2009c).  Single bit values are 
contained within two particular registers in the drive, the control word and the status word. All 
bits in the control word can be both written to and read, while the bits in the status word can 
only be read values (Danfoss, 2009c). Using the principle of 10 times the parameter number 
minus one to obtain the ModBus register address as specified in the design guide, the register 
addresses required to achieve functional control of the drives are laid out in 
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Table 2. 
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Table 2 FC102 ModBus Registers 
Register Action Description 
50009 Analogue Write Speed Reference 
16139 Analogue Read Drive current 
16299 Analogue Read DC Bus Voltage 
16399 Analogue Read Drive Temperature 
6 Digital Write Start/Stop drive 
11 Digital Write Relay 1 Operation 
12 Digital Write Relay 2 Operation 
32 Digital Read Control Ready 
43 Digital Read Drive Running/Drive Stopped 
(Danfoss, 2009c) 
Ambiguity existed over the correct register required to write the speed reference to the drive. 
Initial attempts based on information obtained from the design guide used parameter 1602 with 
associated address 16019 which referred to the speed reference indication. Subsequent 
attempts used register 00016 based on information determined from the design guide. Both 
registers continued to return exception code 4 indicating a slave device communications failure. 
Danfoss Australia were contacted and requested to clarify the issue with writing the speed 
reference and the specific ModBus address was requested. The response from Danfoss Australia 
indicated that the correct register to write the speed reference to was 50009. Using the Danfoss 
principle of determining a ModBus register from a parameter, the parameter associated with 
register 50009 was 5-001. Consultation with the documentation indicated that parameter 5-001 
was used to select a digital input mode and did not contain speed reference information, 
however testing of the parameter in a ModBus program proved correct operation.  
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2.2 ModBus TCP/IP 
An alternative means of ModBus communication is the use of TCP/IP protocol over an Ethernet 
link. Communications in the pilot plant between the Experion server and the variable speed 
drives will utilise TCP/IP protocol to an Ethernet-RS485 converter to create the necessary signals 
to be interpreted over the drives. ModBus TCP/IP offers increased flexibility over the traditional 
forms of ModBus communications and was envisaged as a means of controlling slave devices 
over both local and wide area networks and has thus allowed the master and slave devices to be 
located many thousands of kilometres apart if required. This technology has been extensively 
utilised due to its openness, low cost, simplicity and does not require specialist operating 
hardware. TCP communications are based on packet transfer to a specific IP address and target 
internal port 502 of a receiving device (Modicon, 1996). The ModBus message is merely loaded 
into the data component of a TCP packet as shown in Figure 5. An additional benefit is that TCP 
packet transfers are more resilient to electronic noise than typical serial communications.  
 
 
Figure removed due to copyright 
 
Figure 5 ModBus TCP Message Construction  
(Modicon, 1996) 
There is an additional level of complexity in the configuration of a device to communicate with 
ModBus TCP/IP when compared with ModBus RTU over RS485. Each ModBus device requires an 
IP address to enable it to be identified on an Ethernet network and allow targeting of the 
relevant ModBus message.  In this configuration an additional level of precaution to ensure that 
only one master device writing to that device address exists on the network otherwise conflicts 
will occur.  The ModBus registers used with TCP/IP protocol have the same addresses as RS485 
protocol as it is the start of the packet that has been adapted to support TCP communications. 
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The ModBus network for use in the teaching laboratories was considered a secondary aspect of 
the overall project compared to preparing a ModBus network for use in the pilot plant. The pilot 
plant installation will utilise a hybrid ModBus network with ModBus TCP between the Experion 
system and the signal converter, and RS485 from the converter to the 10 variable speed drives. 
TCP/IP converters provide the functionality to allow devices that do not support directly TCP/IP 
protocol to connect to Ethernet networks.  The converter operates by extracting the ModBus 
message from the TCP packet and retransmits using RS485, and the return signal is re-encoded 
into a TCP packet. In the case of the pilot plant, only the Lantronix converter is configured with 
an IP address, the drives are configured only with the ModBus address. The configuration of the 
Lantronix module and the method has been included in Appendix D.   
The Danfoss Variable Speed Drives can have various option cards installed to provide additional 
communications capability. Two ModBus TCP cards were purchased to be installed into two 
laboratory drives allowing network operation. Energising the drives after the installation of the 
communication cards indicated an error that the ModBus TCP card was not recognised. 
According to information provided by a Danfoss service agent, this was due to a firmware issue 
specific to the FC series drives and would not be corrected by Danfoss due to lack or 
requirement by other users of this model.  The issues were reported to the School of 
Engineering and Energy, and the cards were returned to the school.  
 
2.3 Technical Implementation 
The requirement of this section of the project was to construct a ModBus network for use in the 
laboratory over RS485 communications with a PC based LabView program to operate as the 
master device in addition to the primary focus of the preparation of a ModBus network for use 
in the Murdoch University Pilot Plant. The small network for use in the Industrial Computer 
Systems facility will provide students with an opportunity to work with a ModBus network 
without the potential to cause serious adverse affects to an operational system. To allow for this 
second network, additional drives were purchased to act as slaves. The Danfoss variable speed 
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drives are fitted with terminals allowing RS485 communications and support ModBus thus 
creating ideal slave devices. 
The RS485 network was initially created using an Alfatron A450 RS232-RS485 converter. These 
converters have inbuilt 2 wire RS485 communication terminals in addition to the standard 4 
wire RS485 communications and were configured for bus operation using dip switches located 
on the side of the converter. Understanding the operation of these switches and the 
requirements for successful communication and information on this was obtained from the user 
manual provided with the converter (Alfatron, 2009). 
Table 3 Alfatron RS232 to RS485 Converter Dip Switch Settings 
Dip Switch 
Number 
Position Resultant Action 
1 OFF Disable RS232 handshaking lines for RS485 Communications, use 
internal automatic flow control. 
2 ON Use 2 wire bus RS485 communications 
3 OFF Use 4 Wire full duplex RS485 Communications 
4 ON Switch on Communication LED’s to indicate during transmit and 
receive operations 
5 OFF Switch of RS485 termination resistor for four wire communications 
6 ON Switch on RS485 termination resistor for two wire communications 
 
In establishing ModBus communications, several programming environments were investigated 
such as MatLab and National Instruments LabView. Although the ModBus message can be 
considered relatively simple in application, development of the message could be considered a 
complex process especially in regard to the error checking and exception response decoding.  
Investigation into the two programming environments indicated that MatLab would require full 
complete development of the ModBus environment, while National Instruments provided a free 
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library of ModBus tools suitable for use in LabView that has the National Instruments VISA 
connection manager installed (National Instruments, 2009). The libraries were downloaded from 
National Instruments and installed on several machines in the laboratory to create the network 
including a laptop computer to assist in off campus development of the programs and testing of 
ModBus TCP/IP.  
The National Instruments libraries included tools to facilitate all aspects of ModBus 
communications including reading and writing to registers and allows the computer to act as 
either a ModBus master or ModBus slave depending on the internal configuration in addition to 
the cyclic redundancy check and exception code reporting. A copy of the National Instruments 
ModBus library has been included on a CD attached provided this document and marked as 
Appendix E (National Instruments, 2009).  
Effective solution development for this problem involved slowly developing each step of the 
network. The first step involved creating an RS485 network between two desktop computers 
before establishing a network between a desktop computer and the Danfoss FC102 drives. 
LabView provided several basic serial write and read programs to confirm communications and 
by operating this on two computers it was possible to confirm full duplex communications.  
With an established RS485 network, ModBus communications were laid over the top of the 
network with one computer acting as a master and the second as a slave. This configuration 
confirmed the establishment of a ModBus network. With an operating ModBus network, the 
slave PC was replaced with a Danfoss FC102 drive and communications attempted. The LabView 
program did not indicate a response from the Danfoss slave, nor did the slave register any 
ModBus messages, either valid or in error.   
The network implemented between desktop computers did not use the same registers as the 
Danfoss drives and it was considered that a potential conflict existed with how the ModBus 
messages were addressed and sent over the network in addition to potential hardware 
problems. To sectionalise the problem by ensuring the code was not the cause of the problem, a 
freeware ModBus driver was sourced that sent very precise ModBus messages over the network 
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(SimplyModbus, 2008). The ModBus driver also indicated errors with regard to connections over 
the network and the slave devices again did not register any signals.  
Given that no ModBus messages were recognised by the slave, and that a working ModBus 
network had previously been established, Rodney Nieuwstad from Danfoss Australia was 
contacted to ensure that the configuration was correct and that no additional parameters were 
required to be activated to enable communications. Danfoss Australia provided a commissioning 
service technician who confirmed the configuration was correct, the loaded firmware supported 
ModBus communications and the parameters were correct. The technician confirmed that an 
issue existed with regards to ModBus communication through the drive’s RS485 port and 
contacted Danfoss Australia’s head office in Melbourne for further clarification of the issue. 
Danfoss Australia was unaware of any such issues as they had not been encountered before and 
was unable to provide information on the cause or means to a solution.  
In order to eliminate the converters as a potential source of error in the system, a National 
Instruments RS485 communication card was installed into the desktop computer and configured 
to operate in two wire auto mode. Jumper links were installed according to the instruction 
manual for RS485 card in order to create the necessary two wire bus communications required 
for the ModBus protocol. Testing of the card first involved communicating with a second 
desktop PC to confirm a valid communication signal existed as was conducted previously.  An 
RS232 to RS485 converter as used before was setup as the interface for the second computer. 
Using the LabView serial write and read programs as with the initial network, confirmed the 
configuration of the RS485 card. The output of the RS485 card was connected to the Danfoss 
FC102 slave device and operational testing with the new card showed the slave device received 
the ModBus messages. With messages being recognised by the drive, development of the 
operational ModBus program could proceed. 
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2.4 RS232 Communication Issues 
Given that the same program was used to communicate with the drives using both the RS232 to 
RS485 converter and the RS485 output card, and that the RS232 to RS485 converter was 
unsuccessful in establishing communications, an issue had to be present in the RS232 to RS485 
converter. Monitoring the output of the converter with a digital oscilloscope yielded 
unanticipated results. The oscilloscope was set to capture and recorded the ModBus message. 
Investigation of the quality of the output signal from the converter using a digital oscilloscope 
indicated a reasonable output signal whilst the converter was disconnected from the slave 
device, as shown in Figure 6 but on connection to the device, no signals were able to be 
detected as shown in Figure 7.  
 
Figure 6 Oscilloscope Reading of the Output of the RS232 to RS485 Converter Not Connected to 
Danfoss FC102 Drives 
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Figure 7 Oscilloscope Reading of the Output of the RS232 to RS485 Converter Connected to 
Danfoss FC102 Drives 
Monitoring the output of the National Instruments RS485 card under the same tests yielded 
very different results. The resultant signal depicted considerably more noise than the converter 
however it was still able to maintain a signal when connected to the drive and allowed for 
effective connection. The noise present in the signal did not reach below the value of the 
threshold voltage. The connected signal measured by the oscilloscope is depicted in Figure 8; it 
is reversed when compared to the signals in Figure 6 and Figure 7 due to the probes connected 
with different polarity. 
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Figure 8 Oscilloscope Reading of the Output of the RS485 PCI Card Connected to the Danfoss 
FC102 drives 
2. 5 Program Development 
The RS485 card provided a successful connection between the slave drive and the PC operating 
the master program, and thus allowed the development of the LabView master program. 
Successful ModBus communications requires knowing precisely which ModBus registers to read 
from and write to in order to achieve the desired result. The requirement for the network in the 
Industrial Computer Systems laboratory is that a variety of ModBus messages be sent to each 
device for both read and write applications. The location of the E-stops throughout the room 
eliminates the requirement to have a hardwired stop to each drive normally required for 
operation of high voltage electric drives via fieldbus communications.  
The master program was developed to read initially one drive over a Modus network before 
being adapted to read additional drives over the same network. The programs were developed 
with a specific intent to act as a teaching tool within the Industrial Computer Systems teaching 
facility and thus allow modification to demonstrate the capabilities of ModBus. The two output 
relays can be controlled via ModBus however; the developed program only views the control 
signal to the relays and does not operate them, thus providing the opportunity for students to 
modify the operation as part of a lab demonstration.  The three extra drives purchased for this 
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project were given individual addresses from 1 to 3 and the LabView program adapted to read 
and write to all three dives at the same time. The developed program reads and writes the 
relevant registers every 2 seconds regardless of any change in the output signals to the drives.  
 
2.6 TCP ModBus 
The National Instruments LabView ModBus libraries have tools to facilitate ModBus 
communications over TCP/IP networks. Honeywell Pty Ltd provided a Lantronix DR Xpress 
Ethernet to RS485 converter for installation into the pilot plant as part of the control system 
upgrade. When loaded with the correct firmware it was able to be targeted as a ModBus point 
with multiple child slaves operating on an RS485 network. A program based on the initial RS485 
programs but specific for use with TCP/IP networks was developed and tested locally. The same 
registers were used as with the RS485 network and the drives depicted identical operation. 
 ModBus TCP/IP was envisaged as a means of being able to operate devices remotely from any 
point in the world and to prove the potential; the developed system was tested over the 
Murdoch University network. The converter was connected to the student network and a laptop 
computer loaded with the required LabView software was also connected to the student 
network at a different location in the campus. Testing proved that the control of the drives 
could be achieved from any point in the drive provided the software was loaded onto the 
relevant computer and configured to target the appropriate IP address and slaves.  This example 
proved the capacity of ModBus TCP/IP communications over commercial networks and the 
potential for long distance control systems.  This test also indicated a potential problem with the 
integrity of the plant as the Danfoss drives could be controlled external from the Experion 
system. A long term solution to the problem was not considered as part of the thesis project; 
however the IP address of the Lantronix converter was not made public which would be 
essential for external operation providing a limited level of security. 
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2.7 ModBus in the Pilot Plant 
The establishment of a successful ModBus network for use in the Industrial Computer Systems 
facility provided a basis for the preparation of a ModBus network for the Pilot Plant using 
Danfoss FC102 Variable Speed Drives as slaves.  Each drive was wired into the network over the 
RS485 port using two wire screened cable with the feed pump drive located the furthest away 
from the master device. The termination resistor was engaged at the feed pump drive and 
disengaged at all other drives and a unique ModBus address was assigned to each drive. 
Parameters such as baud rate, parity and the number of stop bits were all configured in each 
drive as depicted in Table 4 and were defined as a standard throughout the plant. These 
parameters were chosen based on default recommendations from Danfoss. 
Table 4 Pilot Plant ModBus Parameters 
# Drive 
Drive 
No cabinet drive name 
ModBus 
address Baud Parity Stop Bits 
1 Ball Mill Feed Pump 141 Feed Pump 2 9600 Even 1 
2 Ball Mill 201 Ball Mill Drive 3 9600 Even 1 
3 Cyclone Feed Pump 241 Ball Mill Pump 4 9600 Even 1 
4 
Cyclone Recycle 
Pump 341 Cyclone Recycle Pump 5 9600 Even 1 
5 
Cyclone Underflow 
Pump 361 
Cyclone Recycle Flow 
Pump 6 9600 Even 1 
6 
Lamella Underflow 
Pump 421 Lamella Underflow Pump 7 9600 Even 1 
7 
Flow Disturbance 
Pump 521 Flow Disturbance Pump 8 9600 Even 1 
8 
Needle Underflow 
Pump 561 Needle Underflow Pump 9 9600 Even 1 
9 Dye Pump 611 Dye Pump 10 9600 Even 1 
10 Product Pump 681 Product Pump 11 9600 Even 1 
 
The drives are intended to be connected to the Experion system via a SCADA link utilising 
ModBus TCP/IP rather than having the C300 control hardware communicate direct to the drives. 
The Experion system implemented in the pilot plant utilises an OPC integrator to read 
information from the C300 controllers and write data to the database, the user graphics and 
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relevant SCADA channels. The use of the OPC integrator is an alternative configuration to the 
traditional implementation in Experion where the TCP/IP converter is installed as part of the 
C300 hardware behind the control firewalls and uses a specialised PDCI control module to 
communicate with the converter. The PDCI control module requires additional licensing, and 
does not demonstrate the SCADA capability of Experion. 
Experion uses a SCADA channel to create the network link, the slave devices are referred to as 
controllers within the channel, while the relevant registers inside each controller is a SCADA 
point. The SCADA link was configured using Quickbuilder software as part of the Experion 
package (Chudhari, 2009). The development of the system for implementation was completed in 
India. However to determine the requirements for creating a ModBus link in Experion a 
preliminary network was created under direction form the Quickbuilder manual and the 
information shown in Table 4. 
 
2.8 Documentation and Software 
The objective of this aspect of the project included the development of a LabView program to 
allow ModBus communications between a computer and a slave device or devices within the 
Industrial Computer Systems teaching facility. As part of the project, documentation covering 
the operation of the program and development of the network was required. In total five 
LabView programs were developed and have been included on a CD-ROM attached to this thesis 
as were the National Instruments ModBus libraries and can be located in the folder marked 
Appendix E. 
The 5 programs create ModBus networks for 1 and 2 drive configurations over RS485, and 1, 2 
and 3 drive configurations for ModBus over TCP. The ModBus TCP aspect was initially developed 
primarily to test the configuration of the Lantronix Ethernet to RS485 converter to be used in 
the pilot plant and subsequently prove the capabilities of ModBus TCP/IP.  The program for the 
operation of one drive sequentially i) writes a Boolean value out to the start coil, ii) writes a 
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value to the speed reference register, iii) reads both the control word and the status word of the 
drive and, iv) reads register 16339 the drive heat sink temperature. In the case of multiple 
drives, the sequence remains the same and each drive is read sequentially. This program 
requires sequential ModBus addressing of the devices starting with address 1.  
The control word is a register containing 16 coils that can be written to. The program reads the 
start coil, the data valid, relay 1, and relay 2 coils which are all part of the control word. The 
objective to use the developed network as a teaching tool was central to the design. It has 
provision for adaptation to operate the relay coils via ModBus which can be easily tested in the 
laboratory. The code can also easily be adapted to allow operation of devices with non 
sequential addressing. 
To create the RS485 network in the facility, converters suitable for 2 wire RS485 
communications with no flow control are required that have sufficient capacity to allow the 
signals to be recognised by the Danfoss FC102 drives used as slave devices in the network. The 
Alfatron converters available in the laboratory are not suitable for communications with the 
devices as they are not capable of providing sufficient signal to suit the low impedance of the 
network port on the drives.  
The ModBus link for use in the pilot plant was constructed using the Quickbuilder software with 
the development of a single ModBus channel over a TCP/IP link, 10 control devices and a single 
point in each controller. This is the terminology used by Honeywell in its Quickbuilder software 
and refers to 1 ModBus network, 10 slave devices and 1 register per device. The use of the 
Quickbuilder software and the development of a ModBus network have been further discussed 
in Chapter 3, section 3.6, SCADA Connections.  
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3.0 Implementation of Experion and C300 Controllers 
All industrial processing plants utilise a means of control to ensure the process operates in the 
desired way. The first control systems used compressed air for controlling individual sections of 
the process and displayed process variables though the use of gauges. The advent of 
programmable logic controllers and computer systems precipitated an exponential increase in 
the complexity of control systems where one overall control system had the capability to 
operate the entire plant. The modern processing plant can be a complex piece of equipment 
with a wide range of sensors and actuators. Early sensors used to transmit process information 
to control elements used compressed air, pneumatic linkages, and pneumatic controllers until 
the development of the electronic sensor which used electric signals to transmit process 
information to the control system. Standards were developed to simplify installations with 
common industrial standards for analogue signals being 20 to 100kPa, 1 to 5V and 4 to 20mA 
(Bailey and Wright, 2003). Continued research and development into electronic measuring 
systems have ensured that more efficient and accurate means of process measurement and 
control have been developed. Many sensors and actuators now communicate over a digital 
network and the analogue control system has been superseded by a vastly superior digital 
system that allows much more sophisticated control schemes to be developed (Boyer, 1999).  
The advent of computer based control resulted in the emergence of two distinct topologies with 
regard to computer based control systems, DCS and SCADA. SCADA, or Supervisory Control and 
Data Acquisition is more ideal for operation over remote areas and can often utilise wireless 
communications between devices (Bailey and Wright, 2003) while a DCS or Distributed Control 
System is more suited for detailed real time control in processing applications involving highly 
interactive systems (Boyer, 1999). A SCADA system operates in a master slave hierarchy and 
does not take advantage of peer to peer communications. A DCS uses autonomous control 
strategies based on IO signals and information obtained by other process controllers on the peer 
to peer network. The requirements for the control action are based on control schemes 
configured at the supervisory level and downloaded to the controller (Boyer, 1999).  
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A DCS uses the same software suite for developing user displays, configuring the server and 
defining access as well as developing the control strategies as the components is provided by 
one manufacturer. Conversely, SCADA schemes often utilise components from several 
manufacturers and the configuration is usually done by multiple different software packages 
with many devices limited to local configuration (Boyer, 1999, Bailey and Wright, 2003). DCS 
systems are also able to transfer diagnostic information such as operating temperature and 
control loading which are features usually not supported by SCADA based systems without 
additional programming and configuration. 
The Murdoch University Pilot Plant was originally designed with a SCADA topology using an Allen 
Bradley PLC5 for the control hardware and a Honeywell SCAN3000 server as the supervisory 
computing system. SCAN3000 software also provided the client software to display the user 
interface screens and to allow an operator to control the plant. The original control system is no 
longer supported in industry, and has reached capacity in terms of expansion limiting plant 
options. In 2008, Honeywell were contacted with regards to upgrading the control system with 
the resultant recommendations to replace SCAN 3000 with the Experion Process knowledge 
System and the PLC5 with C300 controller hardware. The proposed upgrade also included the 
implementation of Foundation Fieldbus instrumentation, wireless instrumentation and ModBus 
communications to provide a representation of the level of current technology utilised in 
industrial processes.  
Murdoch University, under recommendation from Honeywell, purchased the Experion Process 
knowledge System software - release 311.2, and the C300 control hardware with control 
firewalls including digital input and output modules, analogue input and output modules, power 
supplies and cooling fans. Release 311.2 of Experion introduced the functionality of 
communicating direct with wireless instrumentation which previous releases were unable to do 
and has improved the reliability of the system. The C300 hardware is to entirely replace the 
existing PLC and is intended to be located within the existing control cabinet on the pilot plant 
operation skid. The software is to be installed on a dedicated server and on 12 client based 
workstations, all located within the Pilot Plant control room. A second Experion system with a 
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simulation environment has been requested to be located inside the Industrial Computer 
Systems teaching facility. This second system will be fully configurable for the students allowing 
them to build SCADA points and control schemes whereas the pilot plant will have restricted 
access with modifications allowed only by authorised persons. 
 
3.1 Analysis of Available Literature 
The Honeywell Experion systems and the C300 control hardware are Honeywell proprietary 
items and extensive documentation is provided by Honeywell to customers utilising these 
systems. The Experion software has a full documentation suite that covers the capabilities 
specific for that release of Experion known as Knowledge Builder (Honeywell, 2008c). 
Knowledge Builder contains all documentation relevant to that Experion release including 
information on legacy components. Given the proprietary nature of the system, third party 
sources of information that directly relate to the specific release Experion used in the Pilot Plant 
were limited and the Honeywell documentation proved to be the best source in terms of 
defining the capabilities of the components, methods of configuration and how to develop the 
user interfaces. 
Experion R311.2 was released in mid 2009 and the Murdoch University installation was the first 
in Australia, given the short time interval between its release and the delivery to Murdoch 
University. The documentation provided within Knowledge builder was the most recent and 
valid and provided much of the literature used in developing the system. Other documents used 
were Honeywell training guides and presentations. Third party sources were used to reinforce 
general topics not based on Honeywell proprietary information.  
Honeywell Experion is considered a hybrid control system which supports both SCADA and DCS 
topologies (Honeywell, 2008c). The DCS aspect of the system is comprised of C300 and C200 
controllers while the SCADA element can range from basic instrumentation to remote PLC’s 
controlling small applications (Bailey and Wright, 2003, Honeywell, 2009a). A DCS system 
consists of controllers supporting the IO located throughout the plant that communicated with 
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each other on a peer to peer basis and with a supervisory server system that interfaces between 
the operator workstation and the field controllers. Building the Experion system for both DCS 
and SCADA topologies requires configuration of the system using a variety of tools within the 
Experion suite of products in order to ensure the two systems work cooperatively together. 
 
3.2 Configuration Studio and Experion Software Tools 
The Experion system is a complex control system which has undergone extensive development 
and progression from legacy systems such as TDC and SCAN. The complexity of the system has 
required specialist engineers within Honeywell who configure particular components of the 
software. The basic configuration of the Experion system is complex and is undertaken in the 
Configuration Studio software package. Configuration Studio allows the Experion system to be 
defined and configured, servers identified, process models developed, control strategies 
developed and the control hardware firmware, upgraded. Configuration studio is also used to 
define workstations and licensing, operator access levels, passwords, operator accounts, alarm 
points and restrict access to certain database components from particular operators and 
workstations (Honeywell, 2006). 
Configuration Studio is the environment from which all configuration tools are launched and is 
the first program opened when developing an Experion system. When a system is first 
developed, Configuration Studio is used to create the Experion Server enabling process control 
and the means for collection of plant knowledge. Configuration studio also creates the 
environment for establishing the plants Enterprise Model database. The Enterprise Model is 
central to the Experion system and lists all assets in the system and defines the asset hierarchy, 
it lists all hardware assets and control modules that are connected to the control system 
(Honeywell, 2006, Honeywell, 2009a). Each tag within the control system is allocated within the 
Enterprise Model. Control modules are the control strategies implemented by the Experion 
system and developed with other tools in the Experion system, but listed within the Enterprise 
Model. Configuration Studio also uses the Enterprise Model to determine access limitations for 
operators and workstations (Honeywell, 2006).  
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Control Builder creates the control strategies known as control modules for the C series 
hardware, configures the IO modules and allocates them on the IO link network. The IO link 
network is used to communicate between the C300 processor and the IO modules. Before 
operation of any Series C control hardware, firmware suitable for integration with the operating 
release of Experion is required to be loaded to all elements in the control system including the 
processor. The CTool utility located within Control Builder is a tool expressly developed for the 
implementation of the appropriate firmware into series C control hardware. The firmware needs 
to be upgraded when the series C components are first installed, replaced due to failure or 
when the installed release of Experion is upgraded (Honeywell, 2008a, Honeywell, 2008b, 
Honeywell, 2009a).  
SCADA points are created using the Quickbuilder utility, which defines the means of 
communication for that particular SCADA point. Quickbuilder defines the means of 
communication, the number of devices on the system and the individual points within that 
system. The means of communication available for use over a SCADA network is dependant on 
the options specified with the license (Honeywell, 2006). 
HMI Web builder is used to construct the operator screens for use with the Experion system, the 
screens are constructed using basic HTML constructs and the Web builder allows the 
implementation of cascaded shapes that change shape, colour or configuration in response to 
changes within the plant. Each point of control in user graphics is referenced to a particular 
value in the enterprise model allowing the interface to display thee required values from the 
enterprise model database (Honeywell, 2006). 
Each workstation is loaded with Experion software and the configuration and development tools 
as well as in interface program called Station.exe. The Station software displays the graphics and 
allows configuration of server components and the Experion system remote from the actual 
server itself (Honeywell, 2006).   
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3.3 Architecture 
Implementation of the new Honeywell control system will cause a significant change in the pilot 
plant architecture moving from the pre-existing SCADA based topology toward a DCS topology 
with an interconnected SCADA network to control the speed setting of the variable speed 
drives. The system is not limited to one SCADA link and additional links can be created to control 
more equipment (Honeywell, 2009a, Honeywell, 2006). Experion has the capacity that the 
additional links do not need to necessarily relate to the pilot plant but can be used to interface 
with separate assets such as the universal water system currently under construction. The 
implementation of a DCS topology into the pilot plant required a design with a specific 
architecture and hardware assembly configuration. The C300 components need to have specific 
hardware addressing which allows identification of the system components by the control 
system, two network connections are required for the system to provide a level of redundancy 
with the Experion server and the station licenses need to be configured to suit the requirements 
for the workstations (Honeywell, 2008a, Honeywell, 2009c).  
The interconnection between the C300 controllers and the Experion system utilises dual 
Ethernet networks. The dual network system used by Experion is Honeywell proprietary 
technology referred to as Fault Tolerant Ethernet. An FTE network uses commercially available 
components and is designed to be capable of tolerating multiple faults on one or both networks. 
An FTE network requires that each control node have two network connections, and at least two 
network switches to connect the C300 controllers to the supervisory level components creating 
two complete separate networks. The C300 processors are also protected by two control 
firewalls, one for each network which limits information sent behind the control firewall to only 
that necessary for control (Honeywell, 2006, Honeywell, 2008d).  
The networks are colour coded to distinguish the two networks visually and are referred to as 
network ‘A’ (yellow) and network ‘B’ (green). The control nodes are able to detect network 
faults and reroute communications accordingly to bypass the network fault. The connections 
between the control firewalls and the Experion server can either be through cat5 or cat6 cables 
with RJ45 connectors or with the use of optical fibre. For most applications, category 5 cables 
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are adequate however for signals over longer distances or in environments that have large 
degree of electromagnetic noise, optical fibre would be more suited. The network implemented 
in the Murdoch university pilot Plant uses cat5 cabling based on development decisions by 
Honeywell made during initial purchasing. All connections behind the control firewall using FTE 
use category 5 cabling. Connection between the controllers and the IO modules is achieved 
though a 3 wire Honeywell communication bus known as the I/O Link Interface and similar to 
FTE provides a level of redundancy with two complete links which have the same identification 
as the FTE components, ‘A’ and ‘B’, yellow and green (Honeywell, 2008d, Honeywell, 2006).  
The C300 controller required a device index number in order to determine the controllers IP 
address. The device index is configured using the three rotary switches located on the IOTA next 
to the controller body. The IOTA is the backplane to which each control module is mounted and 
stands for Input - Output Termination Assembly. The switches can be set to any value between 1 
and 509  and all primary controllers and non-redundant controllers are required to have an odd 
device index and all redundant controllers have an even index number (Honeywell, 2008c). The 
index for each controller must be unique for a given Experion installation. The C300 controller 
has a battery backup to maintain the system parameters and non-volatile memory to retain 
essential system configuration such as firmware and IP addresses. On start up, the C300 
controller will go through a boot sequence and check for configuration settings from the 
onboard memory.  If an IP address and the appropriate configuration is not loaded in the 
controller, the system will interrogate the Experion server and determine the IP address based 
on the device index number and a reference IP address inside the server (Honeywell, 2008b).  
The control scheme is intended to be installed on the Murdoch University network which by 
default assigns dynamic IP addresses to connected devices through a DHCP server. As the C300 
controller obtains its IP address from the Experion server, a potential conflict exists if the DHCP 
assigns the same IP address to another device. Static IP addresses were requested from the 
Murdoch University Information Technology department and the controllers device index 
number adjusted to set the systems IP address the same as the obtained static address. To meet 
the requirement that a non redundant controller must have an odd numbered device index, an 
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IP address with an odd numbered final digit was requested. The reference IP address configured 
within the Experion server is 133.115.134.0, the static IP address obtained for the controller was 
133.115.134.171 resulting in a device index number of 171 conforming to the requirement that 
all primary C300 controllers have an odd numbered device index (Honeywell, 2008b).  
Operators interface with the plant using workstations loaded with Experion software which has 
the capability to configure the system as well as provide a platform for the user displays 
(Honeywell, 2006). Two types of workstations exist, Console stations which offer the capability 
to act as a server in their own right or flex stations which is the more typical architecture and 
will be employed in the pilot plant. Flex stations communicate to the Experion server which in 
turn communicates to the C-series control hardware and SCADA points. In addition to the server 
license, a user is given a limited number of licenses for user workstations that limits how many 
stations can be connected to the server at a given time. The workstations can either be 
configured for a static license or a rotary license. A workstation with a static license can 
permanently access the Experion server whereas rotary license will provide licenses for 
workstations as they connect to the serer until the maximum capacity of the license is reached. 
This methodology allows the Experion system to be loaded onto more machines and provides a 
greater flexibility of use with a limited number of licenses (Honeywell, 2008c). 
Murdoch University was provided with two workstation licenses which could be configured for 
either static licenses or rotary licenses. Under recommendation from Honeywell, a static license 
was configured for the Experion server and the remaining license was configured as a rotary 
license suitable to allow one computer at a time loaded with the Experion software to connect 
to the server. The two licenses were provided to enable the development of the system 
however the final system will require a total of 9 workstation licenses for the pilot plant while 
the system for use in the Industrial Computer Systems facility will require a total of 13 licenses. 
Figure 9 presents the architecture as it will be installed within the pilot plant, in order to save 
space in the diagram only 2 of the workstations have been depicted; the previously mentioned 
9th flex station license is used by the Experion server. 
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Figure removed due to copyright 
Figure 9 Pilot Plant Architecture 
(Honeywell, 2008b) 
3.4 User Interface Graphics 
Following disasters such as the Three Mile Island tragedy in 1979 that occurred in the United 
States of America, significant research was undertaken into how information was best provided 
to operators and engineers and brought the focus of human factor engineering into an industrial 
setting (Bailey, 1982). The advent of computer displays created a revolution in displaying 
information to operators which in turn created the potential for significant amounts of 
information to be displayed on operator screens. However this created the potential for a 
cluttered layout which could result in essential information being overlooked. In an abnormal 
situation, cluttered screens can prevent identification of process variables operating outside of 
normal conditions by the plant operators and preventative action may not be able to be 
undertaken (Bullemer et al., 2007b).  
Honeywell, in conjunction with 11 major companies and leading universities, have undertaken 
extensive research into combating and limiting abnormal situations that can lead to catastrophic 
Implementation of Advanced Technologies in the 
Murdoch University Pilot Plant 
2009 
 
52  
 
events and is referred to as the Abnormal Situation Management Consortium or ASM. The ASM 
Consortium has developed guidelines for the development of user displays, procedures and 
alarm practices that follow the ASM philosophy (Bullemer et al., 2007b, Bullemer et al., 2007a, 
Errington et al., 2007). In relation to user interface displays, ASM has discouraged the use of 
colour for normal operation states, preferring colour to only be used when required to gain the 
attention of an operator.  ASM graphics are constructed using a light grey background with a 
darker shade of grey to indicate unit operations, analogue indicators are black numbers on a 
white or light grey background.  In an abnormal situation the, issues become highlighted with a 
strong contrasting colour that allows operators to immediately see a fault in an abnormal 
situation. The ASM graphics also provide guidance on navigation, graphics levels and shapes 
(Bullemer et al., 2007b). 
The user interfaces for the Murdoch University Pilot Plant were developed under the principle of 
ASM, with some slight deviations to accommodate the teaching aspect of the plant. The ASM 
Guidelines recommend using process dependant geometric shapes to represent plant operation 
suitable for systems that operate for long periods at steady state and do not undergo regular 
setpoint changes. The Murdoch University Pilot Plant during operation undergoes frequent 
changes and disturbances and the process variable scan exhibit regular oscillations, given the 
fluctuations the use of a geometric shape to represent the plant operation will provide little 
value. Additional displays were created that do not conform to ASM guidelines but were 
required for the teaching aspect of the plant such as control loop configuration. 
The ASM guidelines specify a hierarchy of displays which range from a broad overview of the 
plant to detailed displays for each unit operation. A full size plant would conform to 4 hierarchal 
levels for the displays.  
1. Level 1 summarises the key variables for each processing area, associated alarms as well 
as any emergency or high priority alarms. 
2. Level 2 has one major display for each process area depicting major unit operations and 
primary process variables. 
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3. Level 3 shows detailed displays for each unit operation depicting all measured variables 
as well as low priority alarms. 
4. Level 4 provides additional displays for any specific requirements. 
(Bullemer et al., 2007b) 
The Murdoch University pilot plant is a small operation plant and so only display levels 2 to 4 
were created. The entire pilot plant could fit on one level 2 display and would chow all key 
process variables. A level 2 display covering each major tank in the plant and the key process 
variables was developed as the overview display. Figure 10 depicts the level 2 overview display. 
Clicking on the tag name for each unit operation will change the display to the relevant level 3 
display. 
 
Figure 10 Pilot Plant Level 2 Overview Display 
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Level 3 displays were created for each group of unit operations. 6 level 3 displays were created 
encompassing the storage tanks, the ball mill and the ball mill tank, the cyclone, cyclone 
underflow tank and the lamella, the needle and non linear tanks, the dye tank and the CSTR 
bank. Each display depicts the input and output lines from the relevant unit operation and 
facilitates navigation to the relevant display, unlike the overview display which depicts only the 
key process variables, all measured process variables are shown on the detailed displays. Figure 
11 and Figure 12 depict the detailed displays for several key plant components; copies of the 
displays have been included in Appendix F which includes information on display navigation and 
point details. 
 
Figure 11 Storage Tank Detail Display 
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Figure 12 CSTR Detail Display 
Level 4 displays were developed that provide access to specific information and system 
monitoring. The level 4 displays were created to show the system status and view the 
operational status of all motors within the plant. A specific page for all variable speed drives was 
developed to show the operational status. Places were created in the display to allow more 
information to be sent over the ModBus link allowing for additional drive information. These 
points were not part of the scope for the upgrade of the plant but were developed to allow for 
future expansion as part of student projects. Each component in the display is referenced to a 
tag name. Tag names can be displayed or suppressed on the graphic at the users’ discretion by 
the toolbar in the top right hand corner of the display which also provides acknowledgement for 
system alarms. Each component also has a screen tool tip when the pointer is placed on it 
providing additional information to each user. 
The starting and stopping of each drive is done via linked faceplates called from the control 
modules in the Enterprise Model and not through the graphics. The same procedure is 
undertaken for PID tuning and control loop pairing.  Discussion with Honeywell engineers 
indicated that the C300 development and the enterprise model should be completed before the 
development of the faceplates. Based on this information and with the migration of the C300 
control system not scheduled to be completed until after the handover of the project, the 
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required faceplate links have not been developed. The same approach exists for the solenoid 
valves controlled by the operators. An extended discussion on linking displays to relevant 
control modules in addition to display navigation has been included in Appendix F. Appendix F 
also includes information on display implementation, additional page information, and the 
generation of an additional user menu on the station page to provide quick access to each 
display. 
The ASM philosophy also provides guidelines on alarms and alarm management. In this context, 
alarms refer to alarm and warning messages displayed to the control room plant operator. A key 
issue with alarms is alarm flooding which prevents the operator from easily determining the true 
cause of the alarm. Alarm flooding was recognised as one of the primary causes of the Three 
Mile Island disaster where the proliferation of alarms made it almost impossible to identify the 
true cause of the situation (Errington et al., 2007). The original incarnation of the pilot plant did 
not have any alarm pages for the process variables or system control variables and so alarms 
were not developed for the Experion system. Later developments and improvements of the Pilot 
Plant facility can incorporate alarms for unit operations and the C300 system. Alarms will 
improve the capability of the plant and provide a better demonstration of the plant as an 
example of current industrial trends. Alarms can refer to extreme high or low levels in the tanks, 
drive faults, low flow alarms and system alarms such as power supply issues and cabinet 
temperatures. An example of keeping within the ASM philosophy to limit alarm flooding would 
be a low level alarm for a tank which shuts the discharge pump down, would not cause a low 
flow alarm to be activated (Errington et al., 2007). 
 
3.5 C300 Control Configuration 
The control hardware to be installed in the pilot plant is the C300 control system designed to 
promote plant integrity by maximising heat dissipation and thus increasing unit reliability, 
provide an increased level of redundancy and improved system security (Honeywell, 2008a, 
Honeywell, 2008b). The hardware involves two control firewalls, a single non-redundant 
processor, two digital input modules, two digital output modules, two analogue HART input 
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modules and one analogue HART output module, additional hardware has been specified to 
take into account later implementation of Foundation Fieldbus technologies. However delivery 
of the necessary module will not be until 2010. The configuration of the C300 system including 
the development of the control module which incorporates the control strategies and linking to 
faceplates was done using control builder. Working with Control Builder software requires 
establishing a host controller, defining the IO modules and assigning them to a specific IO Link 
(Honeywell, 2006).  
The configuration of the components is done within control builder but based on specific user 
selected hardware addressing. In the case of the processor, the hardware selection is via the 
device index number located on the Input Output Termination Assembly (IOTA). In the case of 
the IO modules, the hardware addressing is achieved by a specific Input Output Module (IOM) 
numbering block installed on the right hand side of the IOTA. The numbering range is sequential 
from 1 to 40 (Honeywell, 2009c). The IOM numbering used for the Pilot Plant C300 Controllers is 
as follows: 
1. Two Digital Inputs, IOM 1 and IOM 2 
2. Two Digital Outputs, IOM 3 and IOM 4 
3. Two Hart Analogue Inputs, IOM 5 and IOM 7 
4. One Hart Analogue Output, IOM 8 
IOM 6 was not used as the numbering block required was not supplied with the C300 kit. 
Skipping the number proved to be the simplest solution. The non sequential numbering of the 
installed modules due to the unavailability of the #6 address numbering block; will not cause 
issues as the assignment is done in control builder. IO modules are added in control builder and 
assigned a name and an IOM number and are also assigned to one of the two IO links available 
to the processor. In the Murdoch University Pilot Plant, only IO link A is used.  
The control strategies are developed using function block logic with each control algorithm 
contained in a control module (Honeywell, 2006, Honeywell, 2008b, Chudhari, 2009). All points 
in the control model are related to points in the enterprise model database and hence to the 
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graphics and the process database which stores plant history. The development of the function 
block logic to control the pilot plant was based on the existing PLC5 program that incorporated 
both normal operation and the operation in Maintenance mode. The migration of the code was 
tasked to be completed by Honeywell in India with an expected delivery of the C300 program on 
the 24
th
 December. Working with C300 is a complicated and demanding process that requires 
considerable time for development. Considering that Honeywell India are responsible for 
developing the C300 program, working with the C300 hardware and control builder as part of 
the thesis project was limited to basic configuration, developing the architecture, loading 
firmware and understanding the control builder software (Chudhari, 2009).  
During the closing stages of the project, Honeywell India was requested to provide a copy of the 
uncompleted migrated program to confirm methods of cross referencing to the Enterprise 
Model and the user interface display pages. The development and cross referencing has been 
further discussed in Appendix F.  
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3.6 SCADA Connections 
The Experion system although primarily a DCS, offers the capability to utilise SCADA topologies 
and thus allow the interconnection of third party components to the Experion system through 
digital communications methods (Honeywell, 2006). The Quickbuilder software tool creates the 
necessary configuration for communication with third party components such as remote PLC’s. 
Each SCADA connection uses a Quickbuilder channel to establish the link and provide a means to 
connect to the individual components and registers within that link. The pilot plant facility will 
control the speed of the variable speed drives over a SCADA link utilising ModBus 
communications. The ModBus link uses ModBus TCP/IP to a Lantronix DR Xpress, Ethernet to 
RS485 converter to create the RS 485 network for controlling the drives (Chudhari, 2009).  
The Lantronix converter had to be configured to interface ModBus RS485 with ModBus TCP/IP, 
the method of configuration is laid out in Appendix D. This aspect of the project required an 
understanding of how the Quickbuilder software operates and utilised the previously discussed 
knowledge of ModBus. The SCADA link was part of the scope of work to be carried out by 
Honeywell however, the Quickbuilder software is relatively simple and does not require 
considerable investment in time and so an initial ModBus SCADA network was developed to 
better understand the method of implementation until it was replaced with the developed 
version from India. India supplied the completed Quickbuilder database on the 30th of 
November to allow connection to the plant. When operating the Lantronix converter did 
indicate ModBus transmission and the slave devices indicated receipt of a ModBus message in 
error. The error is due to the system not being completed and cannot be commissioned until the 
migration is completed. 
A single Quickbuilder channel was defined to create the SCADA network that specified the 
channel will be a LAN TCP ModBus network and the Lantronix IP address. This channel 
established the connection from the Experion system to the Lantronix converter and hence onto 
the variable speed drives. The resultant RS485 network is invisible to the Experion control 
system and does not need to be included in the Quickbuilder configuration.  The slave devices in 
the network are referred to as controllers, and require a slave address number as given 
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previously in Table 4 and the software configured to look for that controller over a particular 
SCADA channel (Honeywell, 2006). The SCADA network is to be used to control the speed of the 
drive and will write a 16bit value to register 50009 inside the drive. To target the specific 
register, a control point is required for each controller targeting register 50009 and cross 
referencing to an asset in the Enterprise Model. The control point in Quickbuilder is addressed 
as ‘IEEEFPB’ which is determined from an equation contained within Experion Knowledge 
builder shown in Equation 2. Communications with program developers in India confirmed that 
hardware address IEEEFPB does refer to register 50009, however this will need final 
confirmation during commissioning (Chudhari, 2009).  
Equation 2 Quickbuilder points, hardware addressing 
Hardware address= 65535+ (OFFSET) + (Specified address) 
  
3.7 Workstation Environment 
The architecture of the plant uses a server to act as the interface between the plant and the 
workstation computers. The workstation computers are loaded with a version of Experion that 
supports client applications as opposed to server applications. The client application includes 
HMIdisplay builder, knowledge builder in addition to Station.exe, which is the package used to 
operate the plant during normal operation and to provide the portal into the server to allow 
configuration of the entire system. The user interfaces, as previously discussed are made in a 
html format and station.exe is able to display the graphics appropriately and change the shape 
displays in response to changes in process conditions (Honeywell, 2006, Bullemer et al., 2007b). 
Station.exe allows a large number of options available for the users including configurable 
toolbars, allows system configuration capability including building new control and SCADA 
points and defining operator logon accounts. When station.exe is opened, the default display 
page is sysstartuppage.htm which links to a basic operator configuration page. Considering the 
teaching application of the pilot plant where operators will have limited time to familiarise 
themselves with the Experion software before undertaking control experiments, the link from 
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sysstartuppage.htm was modified to target the pilot plant overview page. This allows operators 
quick and easy access to the main operating page without negotiating an operator configuration 
page. The configuration parameters in this page have been set and the access limitations set 
within the server do not permit the student accounts to change these settings. Appendix F 
contains information on the addition of an additional menu toolbar that allows operators to 
select the required user displays quickly and simply (Honeywell, 2006). 
 
3.8 Murdoch University Server Configuration 
The Experion system provides a huge scope in flexibility to allow the development of systems 
best suited for the application. Operators or workstations can be configured to look at only 
specific assets and even user logons can be configured to be linked to a computer logon. Other 
capabilities include providing different access levels for different user logons which can limit 
changes within the system to operators with suitable access privileges. 
Two accounts for use by students were developed for the server corresponding to different 
levels of user requirements and experience.  Two additional accounts were configured for the 
server, the first logon provides full unlimited access but does not allow permission to make 
configuration changes and also allows 24 hour connection, and the second account allows the 
user to make system configuration changes. Students using the Pilot Plant do so based on an 
undertaking by the students to operate the plant only between 8.30am and 4pm Monday to 
Friday with no use outside these hours. Although the students do agree to this undertaking, it is 
not unknown for operation to occur outside these hours which has serious safety and security 
implications considering the hazardous nature of the pilot plant facility. To ensure adherence to 
this undertaking, access to the Experion server from a student logon was restricted to the hours 
between 8am and 5pm. This is greater than the permitted operating times to provide students 
the opportunity to prepare the plant for operation and to collect the data without impacting on 
the time available for students to operate the plant. 
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With the implementation of the Experion system on the student network, the Experion server is 
not the domain controller as in a traditional system. The workstations in a normal installation 
can operate with either operator based security or station based security, with the  server sitting 
on a domain controlled by a third party server, operator based security for the workstations 
could not be enabled. The workstation based security automatically assigns an operator level 
access when station is opened and progressing to higher levels of access is achieved by clicking 
on the login level indication on the bottom right hand corner of the station.exe window and  
inputting the appropriate password. An input of any non valid password will automatically 
return the access level to an operator level. The passwords for the Murdoch University Pilot 
Plant are altered from the default values and are displayed in and are altered using the ‘paswrd’ 
utility in the Experion server. 
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Table 5 Experion Access Levels 
Access Level Password Access Limitations 
Operator No password required Acknowledge alarms and 
control the plant 
Supervisor Enjoy Control over field parameters 
and configuration of system 
reports in addition to operator 
capabilities. 
Engineer This password has been 
publicly suppressed for 
reasons of plant integrity and 
can be found in the restricted 
pages of the pilot plant 
website. 
Configuration of field 
parameters and all supervisor 
functions. 
Manager This password has been 
publicly suppressed for 
reasons of plant integrity and 
can be found in the restricted 
pages of the pilot plant 
website. 
Full system access 
(Honeywell, 2006) 
It is important to note that changing logon passwords for the Experion server cannot be done by 
using the windows tools, but must be done with the Honeywell password configuration tool 
(Honeywell, 2008c). 
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3.9 Installation 
The C300 hardware supplied by Honeywell experienced significant delays in arrival at Murdoch 
University. Initially Honeywell planned to have the C300 controllers installed on a new back 
plane and delivered to the university with the delivery of the C300 program, however time 
constraints caused by the late delivery in regard to the thesis aspect of the project required the 
arrival of the control hardware on site much earlier.  The control hardware was delivered direct 
to the university to allow development and commissioning works to take place and once the 
project was complete, the components could be installed on the new panel. The hardware was 
built up in the Mechatronics laboratory with the new server computer to allow bench testing of 
the platform. This allowed the architecture to be constructed and tested, the configuration of 
the system, the development of the user interfaces and final testing of the control system.  
The digital output signals from the control system in the pilot plant are used to control the 
electric motors in the plant and switch pneumatic solenoids. The pneumatic solenoids in the 
pilot plant operate at 24Vdc with 8W coils for the two way solenoid valves and 1W for the 3 way 
solenoid valves and therefore having current draws of 330mA and 41mA respectively. The 
capacity of a single 24VDC digital output channel on the C300 system is 0.5A. The 2 way 
solenoids have a current draw that operates at 66% of the output capacity of each channel 
(Chudhari, 2009, Honeywell, 2009b). The original design had an interposing relay between the 
output of the PLC and the solenoid valve. To simplify the installation this interposing relay was 
removed for all solenoid valves in the new design.  
The removal of the interposing relays for the solenoid valves coupled with the removal of the 
interposing relays needed for the feedback signals from the variable speed drives, 38 
interposing relays have been removed from the design. The installation of the C300 hardware 
will put considerable limitation on the availability of space in the cabinet and thus the removal 
of the relays provides a significant space saving, simplifying the installation. A full description of 
the installation requirements has been included in Appendix G. 
The two C300 power supplies are rates at 20A each at 24VDC and are used to provide control 
power to the hardware modules and can supply power for interfacing with the field 
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instrumentation (Honeywell, 2008a, Honeywell, 2008b). The digital signals can be wired to 
either receive power from the C300 supplies or completely external supplies should there be 
concerns of current loading. A total number of 51 digital inputs, 37 digital outputs, 27 analogue 
inputs, and 9 analogue outputs are used by the C300 hardware which must be considered when 
determining total current loading. The digital outputs have a maximum output current of 500mA 
before circuit protection engages. A calculation of the maximum current load, assuming that all 
analogue signals are saturated at 24mA and the digital outputs are maximised at the current 
protection limits of 500mA gives a maximum current load of 19.66A not including the processor 
operating currents as shown in Equation 3.  
Equation 3 Worse Case Current Loadings 
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mAmAsaturatedueAna
AADO
mADImA
mA
VDC
66.19864.00057.02907.05.18
86424@log36
max5.18max5.0@37
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24
4200
=+++=
=
=
=
=
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This worst case scenario would require extensive failures within the plant and is a highly unlikely 
occurrence; normal operating conditions will have significantly less current loading. Each C300 
power supply is able to support the maximum fault current within the plant and the two 
supplies offer a level or redundancy obviating the need for the external power to be supplied to 
the IO modules. The two existing 24VDC power supplies will be retained to provide power to the 
warning lights and sirens and any other components not part of the C300 hardware which 
require a 24VDC supply.     
 The C300 power supplies and the cooling fans operate using a 240v supply as does the existing 
PLC. All 240VAC supplies are located within the motor drive cabinet. The current installation has 
two spare circuit breakers and the removal of the PLC will provide a third. Figure 13 shows the 
circuit breakers that will be used to supply power to the C300 system. The two right most 
breakers are currently unused and the third from the right is presently used for the PLC. These 
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circuit breakers are rated for 16a and are appropriate for the C300 application. Full descriptions 
on the requirements and instructions of the installation in the pilot plant have been included in 
Appendix G. 
 
Figure 13 240V Circuit Breakers 
 
3.10 Thermal Management 
Heat generation is an important concern in the implementation of all electronic based systems 
and high temperatures have the potential to cause premature failure of the components.  The 
Honeywell C300 hardware is an electronic based control system, and is an advancement over 
the prior release of the C200 system. In addition to the greater array of features the C300 
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system has over the C200 system, the hardware was designed to maximise heat dissipation to 
improve reliability of the system. The control of heat in the C300 hardware is of such high 
importance that Honeywell provide specific guidelines for installation (Honeywell, 2009b).  
The C300 controllers and the C300 power supplies are required to operate within a strict 
ambient temperature range of 0°C to 60°C. Operation outside of these limits can cause severe 
damage and voids the warranty on the components. Elevation and humidity have also got 
specified limits with a requirement of 300 metres below sea level to 3000 metres above sea 
level and a humidity range of 5% to 95%. The individual IO modules have a slightly larger 
temperature tolerance of -2°C to 70°C (Honeywell, 2009b, Chudhari, 2009).  
Purchase and installation of Honeywell C300 and C200 control hardware is conditional on the 
installation of Honeywell designed extraction fan systems. Honeywell considers this of utmost 
importance that they do not warrant the products unless the specified fan systems are installed 
in the cabinets in accordance with Honeywell guidelines. The fan system provided by Honeywell 
are dual fan units powered by a 240VAC supply and are fitted with auxiliary contacts that close 
when both fans are operating normally. Honeywell requires that for installations such as that in 
the pilot plant with a single side access, a minimum of one complete fan assembly be installed 
(Honeywell, 2009b).  
The cabinet that the C300 system will be installed in at the pilot plant is a single access cabinet 
with depth limitations of 300mm, sufficient space in the cabinet exists to allow the installation 
of only one Honeywell fan system. This complies with the Honeywell specification. In addition to 
the main extraction fans, the two Honeywell power supplies are fitted with cooling fans to allow 
dissipation of heat. Figure 14 shows the installation of a dual fan system in a cabinet, the 
Murdoch pilot plant will utilise just a single pair. The power supplies are fitted with volt free 
contacts to indicate healthy operation of the supply. The supplies can detect a fault with the 
supplies cooling fan which will cause the volt free contacts to open. The power system will also 
alarm in situations where a fan is freewheeling due to induced draught from an adjacent fan, 
and is not actually running itself.     
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Figure 14 Dual Honeywell Fan Systems with Fault Contacts Depicted in the Centre of Figure 
The sloping design of the C300 modules is specific in attempting to keep the electronic 
components cool. The induced draught caused by the extraction fans will cause cooler air to 
move in from the bottom right hand side of each module and heated air will leave from the top 
left corner of each module. For each rack of IOTA, this cause two channels of moving air, heated 
air to the left of the IOTA and cooler air to the right as shown in Figure 15 (Honeywell, 2008a). 
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Photo removed due to copyright 
Figure 15 Thermal Air Flow around C300 Modules 
(Honeywell, 2008a) 
The standard Honeywell cabinet used for the installation of C300 hardware components utilises 
a cabinet with a depth of 600mm and it is recommended that the cabinets be installed within 
air-conditioned rooms (Honeywell, 2009a). The installation at the Murdoch University pilot plant 
is different in that the cabinet is smaller with a depth of 300mm and is located not in an air-
conditioned room but in the working area of the plant. Given the requirement to limit the 
temperature of the ambient air to less than 60°C once the C300 controllers are installed, it was 
decided to monitor the temperature within the cabinet over an extend period to determine 
internal temperature. 
The monitored temperature of the cabinet served only as a guideline to be considered when 
evaluation the cabinet for installation of the C300 system. The new fans to be installed in the 
cabinet will require the installation of new intake vents at the bottom of the cabinet allowing a 
much greater airflow through the cabinet and thus improved cooling. It was assumed the C300 
hardware would generate similar amounts of heat to the existing PLC primarily due to similar 
current loadings.  
A Data Electronics Datataker 605 with 6 K type thermocouples was used to monitor the 
temperature of the PLC and flowmeter cabinets over an extended period. The two cabinets 
were monitored as a means of cross reference and to monitor the temperature relationship 
between the two cabinets. It was envisaged that the two cabinets would show similar 
temperature trends. The thermocouples were monitored at room temperature to confirm zero 
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reading, and the accuracy of the datataker system checked using a millivolt source proving 
negligible errors in the calibration. A copy of the datataker configuration file is provided in 
Appendix H. 
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Figure 16 Pilot Plant Control Cabinet Temperatures 
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Figure 17 Control Cabinet Temperature 
Figure 16 shows the response from the first week of monitoring the data. The readings for the 
flowmeter cabinet depicted excessive rapid oscillations of nearly 10 degrees indicating a faulty 
thermocouple. The resultant useable data indicated a peak temperature of approximately 44°C 
occurring on a cyclic pattern at approximately midday every day.  Figure 17 shows the readings 
obtained from a successive week which also depicts Pilot Plant Air temperature. During the 
monitoring period, outside air temperatures were recorded past 30°C. However the charts show 
the ambient temperature inside the cabinet never exceeded 30 degrees and the pilot plant 
building ambient temperature did not exceed 24°C.  
Given the greater cooling flow due to improved fans and the empirical data of the existing 
cabinet temperature, it is envisaged that the installation should prove to be acceptable 
according to Honeywell standards however the empirical data was not obtained on extreme 
high temperature days and cabinet temperatures may exceed the 60 degree limit on days where 
the outside air temperature exceeds 40 degrees Celsius. To provide additional security a 
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temperature switch was designed into the system to alarm if high cabinet temperatures are 
detected. 
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4.0 Documentation 
The transition form a SCAN3000 and PLC5 control system to Experion and C300 is a complex 
process. The installation will involve numerous tasks involving personnel with different 
qualifications and must conform to design requirements to ensure compatibility of the final 
system. To provide a smooth transition from the design and development work undertaken as 
part of this thesis, detailed documentation with regard to the upgrade has been included in the 
appendices. Much of the documentation is provided only in soft copy due to its nature and 
printing limitations. The appendices contain all information necessary to undertake and 
commission the upgrade. Providing this level of documentation ensures the upgrade will go as 
per design and ensure that the persons undertaking the work are to achieve a desired goal 
rather than in a haphazard approach. Documentation has been included on configuring the 
Lantronix Ethernet to RS485 converter, summer and winter works in the pilot plant, loop 
drawings and layout drawings, configuration documentation and notes on how to use the 
various software tools available with Experion. These documents have also been saved to 
Timoshenko under the pilot plant facility folder for future reference. Additional documentation 
has been provided to offer guidance on completing the configuration of the system on receipt of 
the completed program files from India. 
During the course of the project, information pertaining to the current users of the pilot plant 
was provided through the pilot plant website. Much of the information published on the 
website referred to the installation of the drives however additional information has been 
posted that will be relevant to users of the plant with the Experion system such as logging on 
and basic operation as well as a copy of the Experion keyboard shortcut list. This additional 
information has been kept hidden to limit public clutter on the website.  
 
5.0 Project Management 
The upgrade of the pilot plant is a complex process with works to be undertaken by Honeywell, 
third party contractors, Murdoch University staff and also needs to take into account the end 
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users of the plant, principally Murdoch University staff and students.  Management of the 
project needs to ensure that all work undertaken on the project is moving towards a common 
goal and to ensure that stakeholders are fully aware of the progress of the project and the end 
result and that all objectives throughout the course of the upgrade are met. 
Management of the project had to also consider safe operation of the plant and risk 
management. The assessment of risk required consideration of both worst case events and 
realistic events and the associated risks mitigated. All aspects of risk were considered with 
operator safety as the primary focus followed by plant integrity. Issues such as ambient 
temperature within the control cabinets, the current loading on the power supplies and the fail 
safe operation of the plant were all considered in relation to risk mitigation. Risks were also 
considered when tasking negotiating works with Honeywell to ensure the resultant system did 
not introduce any new risks to personal safety or plant integrity. 
Honeywell India was tasked with the responsibility for the migration of the existing PLC5 
program to suit the C300 control hardware. During the appraisal of the program, the developers 
had several technical queries that required clarification for the translation of the program. The 
technical queries and the responses are included in Appendix I. Many of the queries referred to 
IO listings, instrumentation ranges, ModBus communications, SCAN data points and clarification 
over the operation of the code. Management of this aspect was important as the initial 
interpretation of the requirements of the project by Honeywell India, was different to those 
expected by Murdoch University and was required to be resolved.  
Additional information such as IO lists and IO assignments were requested. The finalised IO list is 
based on the original IO list for the PLC5 program, however modification to the operation of the 
plant resulted in several IO points being removed and several added. The original installation 
had inputs assigned to provide steam, air and water availability signals which were removed as 
part of the relocation of the plant form Rockingham to South Street, and the new maintenance 
program required two new additional digital inputs to allow selection between normal and 
maintenance modes as well as a an override start signal. The installation of the new C300 
hardware components also resulted in additional hardware inputs referring to the status of the 
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power supplies and fans as well as a thermal switch to monitor cabinet temperature. These 
inputs are required to warn operators of conditions or situations that affect the integrity of the 
control system. The revised IO list has been included in Appendix J, has been loaded to 
Timoshenko and is contained on the attached CD-ROM. 
One of the most notable differences of interpretation was the operation of the variable speed 
drives. Honeywell interpreted the installation as being controlled completely over ModBus 
rather than just the operation of the speed signals. In this configuration should the SCADA link 
fail while the drives were in operation all programmed plant safety and interlock system will be 
defeated with plant no longer operating under control. Interlocks such as the low flow and low 
level interlocks prevent operation that can damage pumps, without these interlocks plant 
integrity is significantly reduced. The only recourse for the operator in this situation is to 
operate the emergency stop and thus relying on human intervention which is an unacceptable 
situation for the safe and reliable operation of the pilot plant. The requirement for the drive to 
be operated using hardwired signals to start and stop the drive and for operational indication 
was communicated to Honeywell and the C300 program adapted accordingly. 
The migration of the PLC code was undertaken under direction of the Functional Design 
Specification Document for Murdoch University. This is the legal document specifying the work 
to be undertaken by Honeywell India. It contains information on how the work is to be 
completed and the interpretation of the supporting documentation. This document, in 
conjunction with the technical queries was utilised to ensure a meeting of the minds in terms of 
the final outcome of the project. The functional design specification went through several 
revisions and the final revision was agreed upon on the 20th of November 2009. Honeywell 
indicated that the completed C300 program will be provided by the 24th of December including 
the enterprise model and all additional configuration files. 
The installation of the hardware components is a complicated, time consuming process with 
significant wiring modifications and installation of new components. To ensure the hardware 
will be installed correctly and to be able to act as a showpiece of Honeywell technology, 
Honeywell organised a third party contractor to mount the various components on a panel and 
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to perform preliminary patch wiring to simplify the transition and provide a highly professional 
finish. To provide a detailed design to assist with the construction of the new panel and the final 
installation, new loop drawings were generated. The drawings cover each IO module and show 
the connections to each terminal. To identify all terminals in the plant simply, a specific 
numbering scheme was developed. A typical terminal number would be 01-DI -0203. In this 
example, 01 would refer to IO module 1, DI refers to digital input, 02 refers to channel 2 and 03 
refers to terminal number 3. A person familiar with the numbering scheme should be able to 
locate each channel quickly and simply.  All loop drawings can be found in Appendix K. 
An objective of this thesis project was the development of a knowledge pool for the use of 
Experion software.  Upon completion of the thesis project, continuation of the upgrade will be 
managed by the School of Engineering and Energy at Murdoch University. To ensure a smooth 
handover of project management, a series of handover meetings were arranged with Graeme 
Cole, John Boulton and Will Stirling. The handover meetings were to inform of the capabilities of 
the software, explain the work already completed and the means of installation of the system 
into the pilot plant. The handover meetings ensured that progression of the project would carry 
on smoothly. The meetings also allowed questions raised by the staff in the school to be 
answered and coupled with information provided with this thesis will allow the successful 
integration of Experion software and C300 into the pilot plant facility. Information on the further 
works required to complete the configuration has been included in Appendix G in addition to 
the workpacks developed for the C300 installation. 
As part of the management aspect of the project, all hardcopy documentation, CD-ROM’s and 
software that were provided with the vendor components. Additional components provided 
were stored in a secure location and provided to the School of Engineering and Energy as part of 
the handover process. A clear successful handover can be considered an essential element of 
the project in order to ensure the eventual success of the project. A specific handover file 
containing all the relevant manuals and copies of all the appendices was provided as part of the 
handover which provided an opportunity to answer any questions about the implementation. 
The final requirement of the handover will be to inform the development team at Honeywell 
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that project development will continue under the direct guidance of the School of Engineering 
and Energy at Murdoch University.  
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Conclusion 
Progression through this thesis has advanced my knowledge of fieldbus communications, the 
implementation of variable speed drives into an existing operating plant alongside the 
development of the supporting documentation and also provided a solid understanding of the 
Honeywell Experion software. The project also provided exposure to the management aspect of 
an engineering project introducing many of the aspects that project managers regularly face in 
order to bring a project to a successful conclusion. 
The installation of the variable speed drives was completed without disruption to the plant and 
with the provision of full supporting documentation; this aspect of the project was completed. 
ModBus networks for use in the teaching facilities were developed and the completed programs 
saved to Timoshenko along with a description of the operation which completed the second 
aspect of the project. The third aspect was considerably more involved and resulted in the 
development of systems to facilitate the pilot plant upgrade. User graphics have been created 
that follow current Honeywell best practice and the ASM methodology. Collaboration between 
Honeywell Pty Ltd and Murdoch University provided for migration of the existing PLC5 program 
to the C300 system for implementation with the Experion system and has been managed as part 
of this thesis. To ensure the development was congruent with intended outcomes and the rest 
of the system design, regular communication with Honeywell was required which ensured the 
product was delivered according to the requirements of the School of Engineering and Energy.  
The pilot plant upgrade project was a challenging task as it involved wide ranging requirements 
and involved multiple aspects to achieve the desired objective. Most projects of this calibre are 
normally completed by team of engineers each focusing on a specific aspect of the upgrade. The 
complexity of the Experion system has seen the development of specialist system engineers 
within Honeywell. To fully develop an Experion system with little knowledge of its capability or 
methodology is a huge undertaking and has a very steep learning curve especially when 
undertaken by a single person. The six week time frame proved to be challenging and required 
careful time management and prioritisation of tasks. The provision of an Experion system that is 
configured ready for implementation of the Honeywell C300 program and installation into the 
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plant within the specified time frame is testament to the level of support provided by Honeywell 
and the documentation provided to assist in the development of the system as well as that 
provided by the School of Engineering and Energy. The resultant outcome of this project is that 
when implemented, the Murdoch University pilot plant will be a show case for the university 
and prove to be an excellent demonstration on the level of technology utilised in modern 
industry.   
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Appendix A 
Electrical Schematic Drawings 
Appendix A contains all the electrical schematic drawings that were created in preparation for 
the pilot plant upgrade. They do not represent the state of the plant at the time of the handover 
of the management of the project but rather the intended final design of the plant once the 
upgrade is complete. The schematics cover the design for each variable frequency drive and also 
provide programming information as an additional backup to the saved configuration files. 
Hardcopies of the drawings have been provided to the School of Engineering to facilitate the 
upgrade and softcopies saved to the Timoshenko server. In addition to the hardcopies of the 
drawings submitted with the thesis, soft copies of the drawings have been included on the 
attached CD-ROM under the folder marked Appendix A. 
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Appendix B 
Capabilities of the MCT10 software used to configure the 
Danfoss FC102 variable frequency drives. 
Appendix B describes the operation of the Danfoss MCT10 software in regards to the drives 
installed in the Murdoch University Pilot Plant. Operation of the software should be done in 
conjunction with these notes and the operation manual as the notes are specific to the Pilot 
Plant application. The notes on the attached CD-ROM cover the connection to each drive, and 
how each drive can be configured using the software. Experience with using software to connect 
to and configure variable speed drives form several manufactures has led to an understanding 
that a step by step procedure offers considerable benefits. Downloading configuration files from 
and uploading to the drives as well as how the individual configuration files are saved within the 
3 project file applications. The documents and the Danfoss software have been provided only on 
the attached CD-ROM under the folder marked Appendix B 
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Appendix C 
Drive configuration files 
Configuration files were downloaded from each drive using the MCT10 software and saved to 
provide a backup of the configuration parameters. The files can not be displayed as hardcopies 
however soft copies have been provided on the attached CD-ROM in the folder marked 
Appendix C. The files can only be viewed using the MCT10 software which can be obtained from 
the Danfoss website or from the CD-ROM supplied with the variable speed drives. The 
configuration files have also been saved to the Timoshenko server under the pilot plant facility 
folder. The files on the server provide a permanent copy of the configuration files for future 
plant users and for maintenance purposes.  
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Appendix D 
Configuration and operation of the Lantronix DR Xpress 
signal converter. 
The RS485 bus used to send the ModBus signals to the 10 variable speed drives is required to be 
extrapolated from the ModBus TCP signal sent over the Ethernet network. A Lantronix DR 
Xpress converter specific for this application was provided by Honeywell to create the RS485 
network. The Lantronix converter is capable of converting between several networking 
protocols and communication protocols however for the pilot plant application it was 
configured for Ethernet to RS485 using the ModBus protocols. The converter reads the 
messages, strips the packet information from the message and communicated over the RS485 
link only the ModBus message itself. Configuration of the device is more than just a simple 
selection of dip switches; it requires connection with a computer and needs the loading of 
firmware relevant to the application. In the pilot plant application, firmware for converting 
between ModBus TCP and ModBus RTU over RS 485 was required to be loaded. This appendix is 
focussed on the Lantronix converter and contains both the method and the configuration 
parameters required for operation in the pilot plant facility. The documents for this Appendix 
can be located on the attached CD-ROM under the folder marked Appendix D. 
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Appendix E  
National instruments ModBus library and developed 
ModBus programs. 
This appendix contains the ModBus programs and the ModBus libraries used to develop the 
ModBus network. To view and operate the programs, the ModBus libraries first need to be 
installed on the required PC. As of the 28th November 2009, only two PC’s within Murdoch 
University were loaded with the libraries with both located in the Mechatronics laboratory. 
Given the issues involved with printing LabView VI’s, especially as all components contain 
multiple sub VI’s, hardcopies have not been provided and the files can be located on the 
attached CD-ROM under the folder marked appendix E. Five programs to control the drives have 
been created. Three programs cover the operation of the variable speed drives using ModBus 
TCP and 2 programs cover the operation over an RS485 link. The ModBus TCP programs cover 
the operation of 1, 2, and 3 drives and RS485 programs are suitable for 1 and 2 drive networks. 
The ModBus TCP programs have also been tested over the university network and the operation 
confirmed.  
Implementation of Advanced Technologies in the 
Murdoch University Pilot Plant 
2009 
 
87  
 
Appendix F  
ASM user interfaces and navigation for use in the Pilot 
Plant. 
Appendix F contains information about the developed ASM graphics to be used in the Pilot 
Plant. The graphics contain navigation points and are constructed in a specific hierarchy. This 
appendix also contains information on working with station.exe and how to customise the 
program to suit the pilot plant application. A copy of this appendix is included on the attached 
CD-ROM under the folder marked Appendix F, included in this folder is a copy of the ASM 
libraries and the developed user interface displays. Appendix F also contains limited information 
on how to configure the user displays in conjunction with the Enterprise Model and the control 
modules in control builder.    
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Appendix G  
C300 installation requirements and works to be 
completed. Work requirements for both Murdoch 
University staff and contractors. 
Appendix G contains the information necessary to undertake the successful installation of the 
C300 control hardware. It covers the work needed to be undertaken by both Murdoch 
University staff and the contractor building the replacement panel. The workpack for Murdoch 
University staff covers both preparation works to be undertaken before the transition and the 
works to be undertaken during the transition. In addition to the copies provided on the CD-ROM 
in the folder marked Appendix G, hardcopies have been supplied to the technical staff at 
Murdoch University and soft copies have been saved to the Timoshenko server for future 
reference.  
This appendix also contains the work required to finish the configuration of the graphics once 
the migration has been completed by Honeywell India and a list of ongoing works that can be 
completed as required by the School of Engineering and Energy by either the staff or as part of 
student project. These files are also located in the folder marked Appendix G on the attached 
CD-ROM. 
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Appendix H  
Data taker configuration code used in monitoring the pilot 
plant control cabinet temperatures. 
To monitor the temperature in the cabinet, a data electronics DT605 was used with 6 
thermocouples. The DT605 is capable of reading the millivolt output of the thermocouples 
directly without requiring any interfacing components. The datataker was placed above the 
cabinet and two lots of data were obtained with each sample covering approximately 7 days 
worth of data. The datataker has an internal memory which limited the amount of collected 
data to approximately 7 days with 6 readings at a reading interval of 5 minutes. 
As the data taker is not a commonly used tool in the School of Engineering and Energy, 
Appendix H contains a copy of the acquisition program used in this application. The program 
was downloaded to the logger with the use of DeTransfer software which can be freely obtained 
from the Data Electronics website and the same software was used to extract the data. The 
configuration program can be used both as a means of validating the empirical data and to act 
as a guide for later uses of the datataker equipment to assist with programming development. A 
copy of the program has been included in the attached CD-ROM under the folder marked 
Appendix H as well as the obtained data. 
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Appendix I  
Technical queries from Honeywell India and the responses. 
A large portion of the project involved managing the project and liaising with Honeywell to 
ensure the desired objectives are achieved. Liaising with India involved responding to technical 
queries and providing additional documentation to promote a smooth transition when the C300 
hardware and the Experion server are installed to replace the aging PLC5 and SCAN3000 system. 
An additional component was the approval of the functional design specification. Appendix I 
contains copies of correspondence with Honeywell to assist in any development issues that are 
raised, and to provide a guide to allow the persons involved in the commissioning to understand 
the progression of the plant upgrade. Due to the large number and size of documents including 
the email discussions, the documents have not been printed and are included on the attached 
CD-ROM under the folder labelled appendix I. 
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Appendix J  
C300 IO list as will be installed in the pilot plant 
The IO list assigns all instrumentation and control elements to specific terminals on the C300 
system. It is used in both the hard wiring connection of the field elements and for use in 
developing the C300 program. It was based on the original IO list for the Allen Bradley PLC5 
currently installed and adapted for use with the C300 system. It contains lists for both analogue 
and digital signals as well as the ModBus signals. As a result of the upgrade, some 
instrumentation has been removed and some additional points added. The IO list has not been 
printed out due to its layout but has been included in the attached CD-ROM in the folder 
marked Appendix J.  
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Appendix K  
Loop drawings 
Appendix K covers the loop drawings used for implementation in the pilot plant. The loop 
drawings are essential to the successful implementation of the C300 hardware. It provides 
information on how each field device is to be connected, information on the connection of 
interposing relays and which terminals to use.  It should be read in conjunction with the IO lists 
an Appendix J. The drawings are also in the attached CD-ROM in the folder marked Appendix K. 
